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FOREWORD 


This study is one of a series that has dealt with the competitive 
position of the western fruit and vegetable industry, with particular 
emphasis on vegetables utilized for freezing. It differs from the pre- 
vious studies in its econometric orientation and its focus on the total 
economic structure of the commodity sector, rather than the frozen com- 
ponent alone. The model developed simulates the dynamic processes of 
production and price adjustment within the Brussels sprouts industry. 
With the aid of a computer, it is used to inquire conditionally into the 
potential future impacts of changes in demand, product competition, 
technology, and market policies. Similar studies are in progress for 
other vegetables, including asparagus, broccoli, cauliflower, green lima 


beans, spinach, and snap beans. 


This study is part of the work carried on by the California Agri- 
cultural Experiment Station under Western Regional Marketing Research | 
Project WM-47 in cooperation with the experiment stations of Oregon, 
Washington, Idaho, and Hawaii and with the Economic Research Service, 
U.S. Department of Agriculture. A part of the financial support for the 
present study was provided by the California Brussels sprouts industry 


through the Brussels Sprouts Marketing Program. 


We gratefully acknowledge the assistance of Walter J. Englund, Cali- 
fornia Department of Agriculture, Bureau of Marketing, and the cooperation 
of the several processing firms that made available the data required for 
the analysis of sprout size relationships. Names of the latter are omitted 
to avoid possible disclosure of operations. We are especially indebted to 
our colleagues Gordon A. King and Samuel H. Logan for most helpful reviews 


of an initial draft of the report. 
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AN ANALYSIS OF PRICE AND SUPPLY RELATIONSHIPS 
IN THE U.S. BRUSSELS SPROUTS INDUSTRY 


by 


Ben C. French* and Masao Matsumoto** 


INTRODUCTION 


In 1957, after appropriate hearings and favorable vote of growers, 
the California Director of Agriculture issued an order establishing a 
Marketing Program for California Brussels Sprouts for Freezing. This 
action followed several years of declining prices and was taken to pro- 
vide a legal mechanism whereby quantities of Brussels sprouts utilized 
for freezing (about 70 percent of total production) might be controlled 
and a price level more favorable to growers reestablished. Subsequent 
amendments have provided for regulation of grades and sizes of sprouts 


frozen, as well as total quantity. 


Committees or boards charged with administering such marketing pro- 
grams need to have at their disposal both economic data and knowledge of 
relationships among the important economic variables affecting the com- 
modity. As a minor product in the total agricultural economy, Brussels 
sprouts have received relatively limited attention from data collection 
agencies and economic analysts. Consequently, members of the Brussels 
sprouts industry have had to make production and marketing decisions on 
the basis of rather incomplete knowledge of important aspects of their 
economic environment and the probable short- and long-run consequences 


of their decisions. 


The purpose of this study is to develop economic information which 


may aid the thinking of leaders in the Brussels sprouts marketing program 


*Professor of Agricultural Economics and Agricultural Economist in the 
Experiment Station and on the Giannini Foundation, University of California, 
Davis. 


*kAgricultural Economist, Economic Research Service, USDA, Washington, D.C. 


and also be of value to individual firms, growers, and public agencies con- 
cerned with the industry. The specific objectives are: (1) to develop a 
quantitative description of the economic environment and behavior of the 
system within which Brussels sprouts are produced and marketed; (2) to ex- 
plore relationships among the economic variables involved in this system; 
and (3) from the above, to formulate models which simulate, by computer, 
the functioning of the Brussels sprouts economy and the possible conse- 


quences of alternative policies or changes in the economic environment. 


The material that follows is presented in five major sections. The 
first describes some of the important characteristics of the commodity 
and the industry. The second section describes the economic structure 
of the Brussels sprouts economy in terms of the apparent relationships 
among price and supply variables at different times and levels within the 
system. The next section develops quantitative measurements of the major 
types of economic relationships involved. Section four combines materials 
of the previous sections to formulate a model of industry development over 
time, including both regional and fresh and frozen commodity components. 
The model is then used to explore some possible effects of alternative 
market control policies and other changes in the environment. The last 
section investigates some economic aspects of controlling or changing the 


distribution of individual sprout sizes. 


COMMODITY AND INDUSTRY CHARACTERISTICS 


Production of Brussels Sprouts 


Brussels sprouts, a member of the cabbage family, grow best in cli- 
mates that provide cool weather during the maturation period. Soils need 
to be well drained, fertile, and free of salt and alkali. The coastal 
district of California from Half Moon Bay to Castroville ideally provides 
these conditions and historically has been the leading producing region in 


1/ 


the United States.— New York ranks a distant second. Small quantities 


1/ For detail on California acreage by county, see Appendix Table A-l. 


also have been produced in other states in the East, Southwest, and the 
Pacific Northwest. 


The Brussels sprouts industry is small by comparison with the pro- 
duction of many other agricultural commodities. In 1964 there were 63 
producers in California with an average of 85 acres per grower (see Table 
1). The gross farm value of California's production (in 1964) was approx- 
imately $7,300,000, or about $1,377 per acre. It is clearly an intensively 
farmed commodity. The 1964 farm value of total United States production 
for fresh and frozen markets was about $7,900,000. More recent values have 


been about the same or slightly higher. 


The freezer component of the industry involves about nine California 
firms plus perhaps three or four in other regions. Based on price and 
production data shown in the appendix tables, we estimate the California 
value in recent years at roughly $11,000,000 and the United States value 
at about $12,800,000, f.0.b. freezer plant. Value added by U.S. freezers-- 
f.0.b value less cost of raw product--has been in the neighborhood of 
$7,000,000. 

Changes in total production, acreage, and yield since 1949 are shown 
in Figure 12/ California acreage fluctuated--in fact, appeared to cycle-- 
around a fairly constant average level during the period from 1949 to 1958. 
Following the establishment of the Marketing Program for Brussels Sprouts 
for Freezing, acreage changes have been much smoother, with a gradual up- 
ward trend. Yields, which moved generally upward until 1960, have since 
stabilized or even declined. The latter may be due to adjustments in va- 
rieties and harvest methods. California production also fluctuated widely 
prior to 1958, but with an upward trend due primarily to the increases in 


yield. Since then production has leveled off and been more stable. 


Production and acreage in New York remained small and mostly stable 
over most of the period since 1949, but with some increase since 1961. 
The changes illustrated in Figure 1 do not include unreported production 
in minor states. Production from these areas is included in the utiliza- 


tion data presented next. 


1/ See Appendix Table A-2 for data and sources. 


TABLE 1 


Changes in the Number of California Farms 
Reporting Brussels Sprouts Production 
and Average Acreage per Farm, 
1940-1964 


ee Sa 
Acres per farm 





Source: Census of Agriculture, USDC, Bureau of the Census, 
Washington, D.C. 
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FIGURE 1 


Production, Acreage, and Yields of Brussels Sprouts 
by Region, 1949-1968 


6. 


Utilization of Brussels Sprouts 


Figure 2 shows how the total production of Brussels sprouts has been 
allocated between fresh market and processing aaeneet Two things seem es- 
pecially worthy of comment. The first is the rapid increase in California 
quantities utilized for freezing, while average fresh quantities remained 
about level, then declined slightly in recent years. The second thing is 
the accelerated rate of increase of frozen production in other regions 
beginning in the 1960's. We shall have more to say about this in later 
sections. 


Figures 3 and 4 express the information in Figure 2 in relative 


2/ 


terms.— Figure 3 shows how the percent of Brussels sprouts production 
utilized for freezing has changed in California and the rest of the United 
States. Whereas the California allocation has been somewhat constant, 

the proportion of production that is frozen in other regions has increased 
dramatically in recent years. Even if we allow for some error in our 
crude estimates of total fresh production, the magnitude of change seems 
clearly indicative of significant shifts in utilization of sprouts pro- 


duced outside California. 


Figure 4 shows how California's share of U.S. fresh and frozen pro- 
duction has been changing. With the shift toward freezing in other re- 
gions, California has taken over an increasing share of the fresh market 


and a decreasing share of the frozen production. 


Changes in total United States pack of frozen Brussels sprouts and 
the allocation among major container sizes are illustrated in Figure 5. 
The retail size class includes all containers weighing one pound or less 
and institutional sizes includes all containers larger than one pound, 


regardless of their ultimate sales destination. The percentage of 


1/ Data on quantities utilized fresh are not published. The values in 
Figure 2 were obtained by applying a conversion factor to frozen pack to 
obtain raw product weight and subtracting this from total production to 
obtain estimates of fresh market quantities. See Appendix Table A-3 for 
details. 


2/ See Appendix Table A-4 for data. 
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Utilization of United States Brussels Sprouts Production, 
by Region, Crop Years 1947-1968 
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FIGURE 3 


Regional Changes in Shares of Brussels Sprouts Utilized 
for Freezing, Crop Years 1947-1968 
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California's Share of United States Brussels Sprouts 
Production, Crop Years 1947-1968 
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FIGURE 5 


United States Frozen Brussels Sprouts Pack by Major 
Container Size Groups, Calendar Years 1947-1968 
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production in the smaller container sizes has declined from an earlier 
high of 77 percent to well under 70 percent in most recent years (see 
Appendix Table A-6). 


The size of individual Brussels sprouts also varies somewhat, with 
smaller sizes typically commanding a price premium. Published pack sta- 
tistics do not reveal the proportions of production falling in different 
size classes. An indication of the nature of this distribution is avail- 
able for two periods from special surveys of freezers by the authors. The 
wsults are summarized in Table 2. The upper part of the table shows the 
relative importance of pack by three size groupings for packers accounting 
for about 65 percent of the frozen pack during 1961 and 1962. Figures in 
the bottom part were computed from the 1964-1968 records of a major freezer. 
Since the "large" category includes some B grades or otherwise unclassified 
sprouts, the figures may slightly overstate the proportions falling in this 
class. It is clear, however, that medium sizes account for the majority of 
the pack, with small sizes a relatively small fraction. In later sections we 
shall explore the relation of size to price and investigate the potential 


effects of changes in distribution on industry net revenue. 


The production season for California Brussels sprouts starts toward the 
end of August or early September and normally ends in February or the first 
part of March. This terminates the fresh market operation except for imports, 
mostly from Mexico, and minor quantities from scattered locations. The mar- 
ket flow of the frozen product continues from storage holdings throughout the 


year. 


Figure 6 shows shipments of fresh Brussels sprouts originating in the 
United States for two recent years, illustrating both early and late seasons .~' 
Comparable data for earlier years are not available. Actual consumption or un- 
loads may differ from shipments because of quantities exported to Canada and 
imported from Mexico. Figure 7 shows the distribution of United States 


1/ See Appendix Table A-7 for data, including the intervening years, 


12. 


TABLE 2 


Size Distribution of Brussels Sprouts, 1961-1962 Survey 
and 1964-1968 Single Packer Sample 


1961-1962 Surveya 
| Largeb/ Medium Small 


percent of total 
Retail sizes 
Institutional sizes 
TOTAL 


1964-1968 Sample 


Large 
and un- 
classified Medium 





a/ Size classes were established as follows: Large--less than 25 
per pound and including B grade, Medium--25 to 40 per pound, 
Small--over 40 per pound, trimmed basis. 

b/ Includes B grade. 


Source: Calculated from survey records. 
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FIGURE 6 


United States Shipments of Fresh Brussels 
Sprouts, 1964-1965 and 1967-1968 
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FIGURE 7 


Carlot Unloads of Fresh Brussels Sprouts in 41 United States 
Cities, 1960-1961, 1964-1965, and 1967-1968 
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carlot unloads which may correlate closely with consumption, for three 
selected years 2! Note that unloads exceed U.S. shipments during the 
spring months, especially in 1967-1968, reflecting the increased imports 


from Mexico. 


The time distribution pattern for California's frozen pack is shown 
in Table 3. In most years more than 90 percent of the pack is frozen by 
January 1, with October the month of heaviest production. 


Table 4 shows the relative movement out of the hands of freezers by 
quarters. The September-November quarter is usually the period of heavi- 
est sales, followed closely by December-February. Summer sales are low- 
est. Since there may be some lag in movement out of storage and through 
the marketing system, the pattern of actual consumption may be shifted 
somewhat more toward spring than indicated in Table 4. The table also 
shows how storage stocks build up and are reduced throughout the year. 

In most years, stocks at the end of the crop year are between 20 and 30 


percent of crop year movement. 


Imports and Exports 


As indicated in the previous discussion, significant quantities of 
fresh Brussels sprouts have been imported from Mexico and other quanti- 
ties exported to Canada. Small quantities of frozen Brussels sprouts 
also are imported, primarily from Belgium and the Netherlands. Presum- 
ably, some frozen quantities are exported, at least to Canada, but iden- 


tifiable records of such movements are not maintained. 


Appendix Table A-12 summarizes the available import and export data 
for the period beginning in 1963 to date. Reliable data pertaining to 
quantities of fresh imports apparently are not available on a consistent 
basis prior to 1963 and even the recent figures involve some uncertainty 
as to their interpretation (see Table A-12 footnotes). More years of data 
are available on frozen foreign imports and the data may be slightly more 
meaningful. However, frozen imports have never been more than about 
3 percent of total domestic production and seldom as much as 2 percent. 


1/ See Appendix Table A-8 for data, including the intervening years. 
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TABLE 3 __ 


Percent of Annual California Frozen Brussels Sprouts _ 
Production Packed by Months, 1959-1968 


1959-1960 


1960-1961 


1961-1962 
1962-1963 
1963-1964 
1964-1965 
1965-1966 
1966-1967 
1967-1968 


AVERAGE 





Source: Computed from Appendix Table A-9. 





TABLE 4 


Quarterly Movement and End of Quarter Storage Holdings of California 
Frozen Brussels Sprouts as Percent of Crop Year Movement 


Movement End of period storage holdings 
Sept.-Nov. | Dec.-Feb. | Mar.-May | June-Aug. | Sept.-Nov. | Dec.-Feb. | Mar.-May | June-Aug. | 


percent of crop year movement 
1959-1960 
1960-1961 


1961-1962 


1962-1963 


1963-1964 
1964-1965 
1965-1966 


1966-1967 





Source: Computed from data in Appendix Tables A-10 and A-1l. 
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Price Behavior 


As we turn from measurement of production and utilization to analysis 
involving prices, the data problems become more serious and limiting. For 
example, no public agency maintains any systematic continuous series per- 
taining to retail prices or prices received by processors for the frozen 
product. Even at the farm level, the U.S.D.A. published price or average 
value series combine sales for fresh market and processing uses. To cir- 
cumvent some of these problems--i.e., to develop at least the minimal series 
essential for analysis--we have drawn on unconventional sources for much of 


our price data. These will be described in the course of the presentation. 


Figure 8 shows the movement of average grower prices from 1949--the 
first year that such data were published--until 1968.2/ Note the general 
downward movement of California prices until 1958 and then, coinciding 
with the establishment of the Brussels Sprouts Marketing Program, a sub- 
stantial upward trend. Meanwhile, for reasons not entirely clear, prices 
in New York, the only other region for which such data are available, con- 
tinued to move sharply downward. It is possible that some of the New York 
change is due to the effect of differences in fresh and frozen product mix 
on average prices (a shift from fresh to frozen outlets) and perhaps some 
variation in the method of reporting, but we have no clear indication of 
this. Even allowing for this possibility, it seems evident that New York 


prices have declined substantially relative to California. 


For information concerning prices received by freezers we have turned 
to the monthly quotations given in the trade magazine, Quick Frozen Foods .2! 


This is the longest series and appears to be the most consistent of available 


ee ee mL ee ce ee em) ee ee es) as) es oe es es es es es eee 


1/ Data for Figure 8 are given in Appendix Table A-18. The California 
Crop and Livestock Reporting Service tabulates, but does not publish, sep- 
arate grower price series for the fresh and frozen market quantities. We 
have been permitted to use this information in our analysis but are not 
authorized to publish it since it is felt that it might reveal individual 
operations. 


2/ See Appendix Table A-13 for complete reference. 





19. 


New York 


Cents per pound 





1949 1953 1937 1961 1965 


FIGURE 8 


Average Price per Pound Received by Growers of Brussels 
Sprouts for all Forms of Sale, 1947-1968 
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trade data. While these list prices may differ some from actual trans- 
action prices, they provide a measure of general movement and relation- 
ships over time. 


Figure 9 shows the pattern of monthly price quotations for the period 
1958-1967. These prices are commonly given as a range and the values plot- 
ted in Figure 9 are midpoints of the ranges. Actual data, including fig- 
ures for years prior to 1958, are given in Appendix Tables A-13 to A-l6. 


Since the mid-1950's, the price quotations for institutional size 
containers have been given by individual sprout size class, measured in 
terms of count of sprouts per package. Prices for the small sizes, those 
with the largest count per pound, have been consistently above the medium 
prices which in turn have been above the large size prices. The magni- 


tudes of these differences have varied somewhat in time. 


No sprout size breakdown is given for retail container quotations, 
We believe they refer primarily to medium sizes, this being the most com- 
mon, but there is no way to be sure. The retail container prices have 
also been more variable than the institutional quotations. This may re- 
flect either or both more rapid and realistic adjustments to actual mar- 


ket conditions or some variation in the size mix. 


We have made a limited comparison between these list prices and ac- 
tual transaction prices from 1961-1962 data obtained in our survey of 
freezers. Figure 10 shows these actual transaction prices in relation 
to the Quick Frozen Foods quotations! Actual average prices tend to 
compare rather closely with the quotations for institutional small and 
medium sizes. They are consistently below the large size quotations. 
The latter may be due in substantial part to the inclusion of some B 
grade in the average sample transaction prices whereas the quotation 


refers only to A grade. 


1/ Sample survey data are given in Appendix Table A-17. 
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FIGURE 9 


Midpoint Values of Monthly F.O.B. Freezer Price Quotations for California 
Brussels Sprouts, Grade A Quality, 1958-1967 
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FIGURE 10 


Comparison of Midpoint Values of Monthly QFF F.O.B. 
Freezer Price Quotations with Average Sales Prices 
Obtained in 1961-1962 Freezer Survey 
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Actual and list prices conform less closely for retail containers, 
although they fall in the same general range. It appears that the quoted 
price may have lagged behind the actual transaction prices in the early 
part of 1961 and then adjusted fairly well during most of 1962. It may 
be recalled also that the list prices are usually given as a range and the 
midpoint value may not always be an accurate reflection of the most prev- 
alent price. While it would be helpful to have a longer period and wider 
range of variation for comparison, it appears that the list prices may be 
reasonably indicative of general levels and movements of prices for the 


commodity. 


Figure 11 shows the more general movement of freezer and grower 
prices for the period 1947-1968.2/ The annual freezer prices are simple 
averages of monthly quotations for the crop year beginning September Le 
For comparative purposes, grower prices have been expressed in terms of 
equivalent frozen product rather than initial raw product weight. The 
grower prices include returns from fresh market sales and thus only ap- 
proximate the raw product cost of freezers. While grower and freezer 
prices show the same overall movement, the year-to-year variations are 
less close. This is to be expected since, in addition to the fresh 
market influence, the grower prices for freezing and f.o.b. freezer 
prices for the final product are determined under different conditions. 
Grower prices are determined by the interaction of uncertain demand 
expectations of processors with grower supply, while f.o.b. prices are 


determined by actual final product demand and stock levels. 


Consumption Patterns 


Figure 12 shows the level and changes in U.S. per capita disappear- 
ance of Brussels sprouts from domestic production. These are not per 
capita consumption figures in strict terms since they make no adjustments 
for exports and imports. However, they are somewhat more detailed with 


respect to the fresh component than the highly rounded U.S.D.A. per capita 


1/ See Appendix Table A-18 for data. 
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FIGURE 11 


Changes in Freezer Price Quotations and Average Grower 
Prices for California Brussels Sprouts, 
Crop Years 1947-1968 
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FIGURE 12 


United States per Capita Disappearance of Brussels Sprouts 
from Domestic Production, 1947-1968 
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consumption data and therefore much more useful for purposes of economic 
analysis. There is no clear trend in total per capita disappearance of 
Brussels sprouts since the late 1950's, although if we look only at the 
1960's, there appears to be a slight downward shift. During this period, 
per capita disappearance of the frozen component continued to move slowly 
upward, while per capita fresh consumption declined. Inclusion of fresh 
imports from Mexico (see Appendix Table A-12) would increase the recent 
levels of fresj per capita consumption but would not be sufficient to 
offset fully the fresh decline. 


Figure 13 shows the levels and changes in per capita consumption of 
all fresh, frozen, and canned vegetables in the United States for the 
period since 1947. In a later section we shall attempt to measure statis- 
tically the way in which the several consumption and other demand influenc- 
ing variables have been related to prices received by growers and proces- 


sors of Brussels sprouts. 


Production and Processing Costs 


Table 5 gives sample costs of producing Brussels sprouts in California 
from multiple harvest varieties with yields and input prices at typical 
levels for about 1965. The figures were prepared by Agricultural Exten- 
sion Service staff working with commercial producers and are indicative 
of typical industry experience but are not actual averages in a statisti- 


cal sense. Costs in Table 5 do not include returns to management. 


Table 6 shows sample costs to produce the Jade Cross variety with a 
single harvest by machine as of 1967. With this method, yields appear to 
be much lower, but so are harvest costs. Whether this results in lower 
or higher cost per pound cannot be determined by direct comparison of 
Tables 5 and 6 because of differences in assumed wage rates, power and 
material costs, management income, and a different sample of growers. 

A rough allowance for these differences brings the per pound cost of the 


two methods much closer together--perhaps only one-half cent difference. 


Pounds per capita -- retail weight 


1947 





Frozen 


1951 1955 1959 1963 1967 
FIGURE 13 


Changes in United States Civilian Per Capita Consumption 
of Fresh, Canned, and Frozen Vegetables, 1947-1968 
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Sample Costs to Produce Brussels Sprouts in San Mateo County in 19652 


Cultural Costs 
Land preparation 
Growing plants 


Pulling plants 

Setting plants by 
machine-6M 

Cultivate 

Hoe and weed 

Irrigate 

Fertilize 2M 


Pest Control 
Spray 2X contract 
Spray 2X 
Spray 6X 
Dust 4X 
Fumigation (contract) 
TOTAL 


Harvest Costs 
Pick 
Haul, clean, trim 
TOTAL 


Cash Overhead 
Misc., office, etc. 
Promotion, research 
Rent (cash) 
TOTAL 


TOTAL CASH COST 


TABLE 5 


(multiple harvest varieties) 


Hours 


per 
acre Labor 


$ 12.42 
-81 


19.32 


10.12 
8.28 
9.66 

20.93 
7.36 


Cash and labor cost per acre 


Fuel and 
Kind and quantit | Cost | 


repairs 


$13.80 


Seed, fertilizer, 
soil fumigation, 
insecticides 


Power to pump (2 pumps) 
1500 lbs. 10-10-10 

5 T manure applied 

3 shots N in irrig. water 


Guthion 

Systox 

Parathion, phosdrin 
Parathion 

D-D or Telone 


Trucking, bin rental 


Depreciation on tenant's field and irrigation equipment 


Interest on tenant's field and irrigation equipment 


‘TOTAL COST PER ACRE 


Cost per pound @ 13,000 1b. yield 


Cost per ton 


a/ Based on the following values for labor, tractor costs, and yields: Labor: 
40 H.P. C.D. = $1.50 per hour; 30 H.P. wheel tractor 
6-1/2 tons per acre or 13,000 lbs, spacing - 26" x 36". 


hour; Common - $1.61 per hour, Tractors: 
= $.95 per hour, Yield: 


/ 


14.00 
46.50 
42.50 
15.00 


15.00 
10.00 
45.00 
16.00 
60.00 
277.00 





ae 


26.22 
13.81 


19.32 


12.12 
12.68 

9.66 
35.93 
56.06 
42.50 
15.00 


15.00 
18.64 
70.92 
26.11 
60.00 
433.97 


418.60 
140.28 
558.88 


49.64 
12.00 
80.00 
141.64 


1,134.49 


101.35 
23.38 


4 5259.:22 
9.09¢ 
193.73 


Skilled - $2.07 per 


b/ The 62.5 hours of cultural labor are made up of 38.5 hours of common and 24.0 hours of skilled 


labor. 


c/ The 333 hours of harvest labor is all common. 


Source: Parsons, Philip, and R. H. Sciaroni, "Costs to Produce Brussels Sprouts at Various Yields 
and Labor Rates," University of California Agricultural Extension Service, San Mateo County, 


April 1965. 





TABLE 6 


Sample Costs to Produce Brussels Sprouts in San Mateo 
and Santa Cruz Counties, 1967 2 
(single machine harvest method) 










Cash and labor cost per acre | 


Fuel & Materials 
repairs Kind and quantit Total | 
Cultural Costs 


| Land preparation 6.0 $12.90 $ 13.80 $ 26.70 
Growing plants a5 1.08 Seed, fertilizer, soil $ 20.82 21.90 
fumigation, insecti- 
cides, etc. 


Hours 
per 
acre 











Pulling plants 16.0 30.40 30.40 | 
Setting plants by 
machine - 5M 12.5 24.37 3.75 28.12 
Cultivate 4.0 8.60 4.80 13.40 | 
Hoe and weed 6.0 11.40 11.40 
Irrigate 16.0 30.40 1.00 Power to pump (2 pumps) 14.00 45.40 
Fertilize (contract) Side-dress 1,000 lbs. 10- 40.90 40.90 
10-10 (application cost 
$2.25/A. 
120 lbs. ammonium sulfate/A 3.72 3.72 
sprinkler applied 
120 lbs. ammonium nitrate/A 6.00 6.00 


sprinkler applied 


Pest Control 











Fumigation (contract D-D or telone 60.00 60.00 
applied) 

Spray 1X (contract applied Guthion 5.63 5.63 
at $2.25/A) 

Spray 1X (contract applied Guthion + parathion 6.85 6.85 
at $2.25/A) 

Spray 1X (contract applied Systox + thiodan 12.37 12.37 | 
at $2.25/A) 

Spray 1X (contract applied Phosdrin + thiodan 13.70 13.70 
at $2.25/A) 

Spray 2X (contract applied Systox 14.24 14.24 | 
at $4.50/A) | 
TOTAL 61.0 119.15 23.35 198.23 340.73 

Harvest Costs 

Top 8.0 15.20 15.20 

Tipping 15.0 28.50 28.50 

Harvest (includes 71.8 137.43 6.33 143.76 
deleafing) 

Cleaning, hauling 37.4 72.76 3.00 75.76 
TOTAL 132.2 253.89 9.33 263.22 

Cash Overhead 

Misc., office, etc. 30.18 

Promotion, grading, 21.25 
research 

Rent (cash) 70.00 
TOTAL 121.43 

TOTAL CASH COSTS 725.38 
Management - 5 percent of 8,500 lbs. at 10.5¢ per lb. 44.63 
Depreciation on tenant's field and irrigation equipment 134.04 
Interest on tenant's field and irrigation equipment 29.78 
TOTAL COST PER ACRE 933.83 
Cost per lb. @8,500 lb. yield 10.99¢ 
CN 


a/ Based on the following values for labor, tractor costs, yields: Labor: Skilled - $2.15 per hour; 
Common - $1.90 per hour, Tractors: 40 H.P. C.D. = $1.50 per hour; 30 H.P wheel tractor = $1.00 per 
hour, Yield: 4-1/4 tons per acre, spacing 18" x 36", variety - jade cross. 


Source: Welch, Norman, Philip Parsons, and R. H. Sciaroni, "Sample Costs to Produce Brussels Sprouts" 
(Single Machine Harvest Method), University of California Agricultural Extension Service, San Mateo 


and Santa Cruz counties, January 1968. 
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Continued experience with the single machine harvest method seems likely 
to lead to improved recovery rates and technical performance, with re- 


sulting lower costs per pound. 


Data pertaining to costs of producing Brussels sprouts in other re- 


gions are not available. 


Table 7 shows 1963 and 1964 average costs of freezing Brussels sprouts 
for 8 California firms producing 65 percent or more of the total pack in 
those years. These average accounting costs are slightly above the aver- 
age f.0.b. price quotations for the same years (see Appendix Table A-18). 
Some caution should be exercised in drawing specific conclusions from this 
comparison since our price data are subject to error and the accounting 
costs may include somewhat arbitrary allocations of indirect costs. How- 
ever, the figures suggest that Brussels sprouts may not have been an exces- 


sively profitable item for freezers in those years. 


Data which show how production and processing costs have changed over 
time are quite limited. Figure 14 plots average cost values given in pe- 
riodic sample surveys of the Agricultural Extension Service .2/ The data 
pertain to costs of production in 1951-1952, 1956, 1962-1963, 1964-1965, 
and 1967-1968, the latter two given in more detail in Tables 5 and 6. 

The solid line drawn through the points shows the interpolated values we 
have used as indicators of cost levels in our economic analysis. While 
these are by no means precise measures of average industry costs, they 
approximate the overall movement. It seems clear that costs remained 
fairly stable during the decade of the 1950's and into the early 1960's. 
Increased factor prices were largely offset by higher productivity. Fol- 
lowing the elimination of the Bracero Program, costs increased sharply 


and apparently have continued to rise since that time. 


Figure 14 also gives an indication of changes in freezing costs, ex- 
cluding the cost of the raw product. These values were obtained by ap- 
plying a crude index of unit costs of freezing to shift the cost values 


1/ Data obtained from San Mateo County Farm Advisor, R. H. Sciaroni, 
(see Appendix Table A-21). 
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TABLE 7 


Unit Cost of Freezing Brussels Sprouts, California 
(24 10-ounce grade A), 1963 and 1964 


Cost item 1963 1964 


cents per pound 


Receiving and preparation 
Package, wrap, and case 
Direct labor 


Employee benefits 
Freezing and lst month's storage 
Fuel, power, and water 

Variable overhead 


Packaging materials 

Raw product 

Raw product acquisition 
Productive material 


Variable manufacturing cost 


Freight and loading 

Cold storage 

Direct selling expense 
Specific selling costs 


Total variable cost 


Field expense 

Superintendence and indirect labor 

Factory burden 

Financial, administrative, and general selling 
Standby and programmed expense 


Grand total cost per pound 


Number of firms 

Cases packed, specific item (thousands) 
Pounds packed, Brussels sprouts (thousands) 
Percent of national calendar year pack 





Source: National Commission on Food Marketing, Organization and Competition 
in the Fruit and Vegetable Industry, Technical Study No. 4, June 1966, 
p. 245. 
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FIGURE 14 


Indicators of Changes in Costs of Growing and 
Freezing California Brussels Sprouts, 
1947-1969 
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given in Table 7— to other years. The index used is an aggregative in- 
dex for all frozen vegetables so cost levels should be regarded as sug- 
gestive rather than precise measures of change. The figures indicate 
that freezing costs may have jumped sharply in the early 1950's, climbed 
gradually until the late 1950's, and then leveled off as increases in 
productivity offset increases in wage rate and other input prices. We 
shall make further use of this index in analyzing supply adjustment 
relationships. 


THE STRUCTURE OF THE BRUSSELS SPROUTS ECONOMY 


The first step in formulating an analytical model of the Brussels 
sprouts industry is to develop an understanding of the underlying economic 
structure. By "structure'’ we mean the nature of the relationships among 
prices, costs, and quantities produced or sold within and between market 


outlets and at different points in time. 


The Brussels sprouts economy may be viewed as a combination recur- 
sive and simultaneous system of supply and demand equations. Conditions 
prevailing in one period influence decisions which, along with certain 
random elements, determine the production in the next period. Production 
then interacts with demand factors to determine prices, sales, and in- 
ventories which, along with the cost factors, again influence decisions 


which determine production in the next period and so on. 


Graphic Representation 


The general nature of this interrelated process is illustrated in 
Figure 15. To simplify the presentation, regional components have been 
excluded from the diagram. They are included in the mathematical formu- 


lation that follows. The major variables which measure performance and 


1/ See footnote to Table A-21 for source reference on index number 
computations. A similar type of cost index was computed for vegetable 
production but was deemed too aggregative to be applied directly to 
Brussels sprouts. 
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which are determined within the system are represented by rectangles. 
Variables which influence the behavior of the system, but whose values 
are regarded as determined by outside forces, are shown as ovals. Arrows 


indicate directions of major influence. 


The bottom left part of the diagram lists the major variables whose 
values in year T-l1 influenced planting decisions in year T. Planted 
acreage in T is also influenced by the quota established early in T under 
the Marketing Order Program for Frozen Brussels Sprouts. This is indi- 
cated by the arrow from the Quantity Frozen block to the Planted Acreage 
block. In describing the system prior to the establishment of the mar- 
keting order, this arrow might be deleted, but it seems reasonable that 
informal advance contacts among growers and freezers regarding quantities 
expected to be frozen might have affected the acreage planted. With 
acreage thus determined, total production is determined by biological 


and weather factors which influence yield. 


The division of the total production between fresh and frozen out- 
lets is determined by interaction of the demand of processors for the raw 
product and the growers' willingness to supply Brussels sprouts for 
freezing at various raw product prices. The level of processor demand 
is determined by market and cost expectations which are influenced mainly 
by experience in year T-1 (upper left part of diagram). The growers' 
willingness to commit Brussels sprouts to freezing at given prices is 
influenced by the level of costs and their expectations concerning the 
fresh market alternative. At the time the allocation decisions must be 
made, the level of fresh market demand is not well known and expecta- 
tions for this market are based primarily on past price experience. 
Although the frozen outlet apparently is the preferred market for Cali- 
fornia growers, the existence of the fresh alternative means that in- 
creased allocations to freezing may require higher grower prices for 
processing Brussels sprouts to induce a shift in allocation. The joint 
nature of this allocation process is indicated by the two-way arrows 


1/ 


between the Quantity Frozen and Grower Price Frozen blocks.— The broken 


1/ We shall argue that the economic structure underlying the allocation 
process was not altered with the establishment of the Brussels Sprouts Mar- 
keting Program except to shift the level of the grower frozen supply allo- 
cation curve somewhat downward. 
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arrow between fresh and frozen market grower prices suggests a more limited 


current interaction between the two outlets. 


Since storage of fresh Brussels sprouts is not possible, all quan- 
tities allocated to this outlet are marketed immediately and this--along 
with imports, consumer income and tastes, levels of competing vegetables, 
population, and marketing system cost--determines the grower-shipper price. 
The quantity of sprouts frozen, does not directly determine frozen. sales 
since freezers have the option of storing the product until the next 
season. Thus, frozen sales, stocks at the end of year T, and f.o.b. 
freezer prices are all determined simultaneously as indicated by the two- 


way arrows. 


Outline of the Structural Model 

To provide a quantitative base for economic analysis, the system 
described above must be given specific mathematical fora’ The model 
formulated consists of 16 equations and 16 endogenous variables (vari- 
ables whose values are predicted by the model), plus 11 nonstochastic 
exogenous variables (values determined outside the model or taken as 
given in the analysis). Six of these equations are classed as behavioral 
relationships with parameters (coefficients) to be estimated statistically. 
The remaining equations consist of technical relationships or definitional 
statements necessary to describe the complete system. They are referred 
to as identities. The 16 types of relationships are listed and the vari- 
ables identified in Table 8. 


Equations 1, 3, 4, 5, 11, and 12 of Table 8 are behavioral relationships 
(identified by the empirical equation numbers in parentheses). Equations 
1, 3, and 5 interact simultaneously to determine annual California pro- 
duction of Brussels sprouts, California grower prices for frozen sprouts, 
and the allocation of production between fresh and frozen outlets. For 
reasons to be explained, the fresh market allocation is determined resid- 
ually by 6 and then Equation 4 determines the price received by California 
growers for quantities allocated to the fresh market. 


1/ The nontechnical reader may prefer to skip directly to the summary of 
the model presented at the beginning of the section on Simulation of the 
Brussels Sprouts Economy. 





37. 


TABLE 8 
Reader's Guide to the Structural Model 


I. Structural Relationships 


ai Variables involved 
Type of relationship exogenous variables are in parentheses) 


A. Farm Production 


1. California acreage, (1A) (L.)> (v,,) 


ct’ Peet? Wet? 
California production _* (Bo Act 
(Other region production 

treated as exogenous) )s (Qe 54) 


Farm Level Demand and Raw 
Product Allocation 


California freezer demand oat F ce=i? F eoct* Dct-1° D uaea* an 


> 
for raw product, (12A) 


C4) OG) @ 


Coct- 
California fresh market P ; ee). @). @3 
demand, (135A) gfct bet bpt vt t 8t 


California frozen allo- 


Cs ©. » = cate a. ee 
ation, (144) pet’ gpct gfct-1’ “gfct-2° pcet-1 


(Coagd> (yds (o_) 


California fresh market Qe = Q <= TeL72 Qact 


allocation ° 
U.S. fresh market sales Wee = Qeot + (Qe 54) 


U.S. fresh per capita Xvet = Criae + (N,) 
sales 


U.S. frozen pack 


California average farm 
price 





(Continued on next page.) 
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Table 8 continued. 








af Variables involved 
Type of relationship (exogenous variables are in parentheses) 
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Inventory Allocation 





























ll. 






Demand facing freezers, 


(16A) Ppct? Xypt? Xyer? Ae)» (F.)> Q)> (ui) 









12. Sales allocation of 


D 
freezers, (17A), (18A) pust 


pust ust 








13. 









U.S. per capita sales, 
frozen 













14. 











Inventory allocation of 


S = Q +S = 
freezers usttl ‘“pust ust pust 






California share of U.S. 
frozen sales 







Other region share of U.S. 
frozen sales 






II. Variable Identification?! 






acres of Brussels sprouts planted in California (end.) Table A-l. 





average price received by California growers for Brussels sprouts 
for freezing (end.). (Not included in appendix tables because of 
publication restrictions. ) 











average price received by California growers for fresh market 
Brussels sprouts (end.). (Not included in appendix tables because 
of publication restrictions.) 







average price received by California Brussels sprouts growers 
for all forms of sale (end.) Table A-18. 





representative cost of growing Brussels sprouts in California 
(ex.) Table A-2. 







term to account for unexplained disturbances due to the effects 
of individually minor variables (i = 1... 7) (ex.). 






(Continued on next page.) 
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Table 8 continued. 







Variable Identification’! 








II. 


yield per acre of Brussels sprouts in California (ex.) Table A-2. 
Q = total production of California Brussels sprouts (end.) Table A-3. 


Q = total production of Brussels sprouts in regions other than Cali- 
fornia (ex.) Table A-3. ; 


pe quantity of Brussels sprouts frozen in California (end.) Table 
A-5 ° 







quantity of Brussels sprouts frozen in regions other than Cali- 
fornia (ex.) Table A-5. 


total United States frozen pack of Brussels sprouts (end.) Table 
A-5. 








quantity of fresh market Brussels sprouts produced in California 
(end.) Table A-3. 


quantity of fresh market Brussels sprouts produced in United 
States regions other than California (ex.) Table A-3. 


United States production of fresh market Brussels sprouts (end. ) 
Table A-3. 














A dummy shift variable to allow for possible changes in level of 
supply response or allocation with the establishment of the 
Brussels Sprouts Marketing Program. L = 0 prior to 1958; L=1 
from 1958 (ex.). (In a first difference equation, AL = 1 in 
1958; AL = 0 in all other years.) 


United States cold storage holdings of Brussels sprouts on August 
31 (end.) Table A-22. 


D = quantity of California frozen Brussels sprouts sold (disappear- 
ance), August 1 - July 31, (ond. Table A-22. 


D = quantity of other region frozen Brussels sprouts sold (disappear- 
ance), August 1 - July 31, cana. 92! Table A-22. 


D = United States quantity of frozen Brussels sprouts sold (dis- 
appearance), August 1 - July 31, fondo! Table A-22. 


(Continued on next page.) 
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Table 8 continued. 


a/ 


b/ 





II. Variable Kientititerion®! 


average f.o.b. California freezer price for Brussels sprouts, 
grade A, 10-ounce packages (end.) Table A-18. 


cost of freezing Brussels sprouts in California excluding raw 
product cost, 10-ounce packages (ex.) Table A-21. 


term to account for unexplained disturbances (i = 1... 3) 
(ex.). 


United States 50 state population including armed forces over- 
seas as of January 1 of crop year, millions (ex.) Table A-20. 


Dous + N = United States per capita disappearance of frozen 


Brussels sprouts, pounds (end.) Table A-19. 


a + N = United States per capita disappearance of fresh 
Brussels sprouts, pounds (end.) Table A-19. 


United States per capita total vegetable consumption, pounds 
retail weight, calendar year (ex.) Table A-19. (Two-year 
averages used in the empirical analysis to convert to an 
approximate crop year basis.) 


proportion of United States homes with refrigerators (ex.) 
Table A-20. 


United States per capita total food expenditures expressed as 
an index, 1957-1959 = 100, (ex.) Table A-20. 


R« F (ex.) Table A-20. 


The numbers in parentheses designate behavioral relationships keyed to the 
relevant structural and empirical equations that follow. The remaining 
equations are identities. 


The variables are listed approximately in the order in which they appear 
in the model development. The abbreviation end. in parentheses means 
that the variable is classed as endogenous; ex. indicates an exogenous 
variable. The table numbers refer to appendix tables containing the 
actual data series. The subscript t (or t-1) attached to a variable 
indicates the particular year to which it applies. All values pertain 
to the crop year beginning September 1 unless otherwise indicated. A 


(Continued on next page.) 
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Table 8 continued. 


superscript * is used to indicate a planned rather than actual value. 
Quantities are measured in million pound units unless otherwise 
specified and prices and costs are in cents per pound. The number 
1.172 in Equations 6 and 10 is a factor for converting from frozen to 
raw product weight. 


c/ The reason for using August 1 - July 31 disappearance rather than 
September 1 - August 31 is explained in Appendix B. 
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Because of incomplete, nonexistent, or uncertain price and cost data 
for regions other than California, we were not able to develop comparable 
supply and production allocation equations for these areas. Therefore, 
we have treated quantities frozen and marketed fresh in other regions as 
exogenous variables, with alternative trend projections considered in the 
final simulation experiments. Total United States quantities are deter- 
mined by adding "other region" quantities to endogenous California quan- 
tities as indicated by Identities 7 and 9. 


Relationships 11 and 12 form another simultaneous subsystem which 
determines the price received by freezers and the total U.S. quantity of 
frozen product marketed. The quantity carried in inventory from one 
season to the next is then determined by the identity relationship 14. 
Regional shares of total sales are determined by Identities 15 and 16.2/ 


With this outline of the model, we turn now to the development of 
the specific mathematical forms of the behavioral relationships. This 
is followed by a section dealing with empirical estimation of these 
equations. The entire final model is summarized at the beginning of the 


section on simulation experiments. 
Farm Production 


The farm production component of the Brussels sprouts model involves 
two types of relationships--an equation which predicts acreage adjustments 
and another which converts acreage into production. This section develops 
the reasoning behind the specific forms which these equations assume in 
the model. 


Grower planning for California Brussels sprouts production may be 
thought of as a two-stage decision process. Preliminary planning begins 
in the early spring months with the preparation of seed beds and the 
growing of transplants. During May and June the land is prepared for 


1/ Since cold storage reports do not identify where the product was 
produced it is not possible to determine actual sales by regions. This 
value is approximated by assuming that regional sales are proportional to 
regional shares of total frozen pack. Regional shares of storage stocks, 
if required, would be determined in a similar manner. 
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planting and the plants set out. In late May or June a market quota 

is established for Brussels sprouts for freezing, at which time growers 
may modify their original plans. In most years the quantity actually 
frozen has been very close to the quota. Prior to the establishment 

of the market order program there was, of course, no announced quota to 
guide decisions. However, informal contacts between growers and 
freezers could well have provided some advance indication of quantities 
expected to be frozen. Consequently, the level of frozen pack has been 
included as a variable influencing planted acreage before, as well as 


after, the establishment of the Brussels Sprouts Marketing Program. 


In making their preliminary planting decisions, growers are presumed 
to examine their past price and cost experience for both Brussels sprouts 
and the alternative crops that might be produced on their land. Favorable 
price-cost experience with Brussels sprouts leads to an increase in acreage 
relative to the previous year; less favorable experience to a decrease. 
The amounts by which production plans are altered for different levels of 
past profit experience depends on the manner in which producer expecta- 
tions are formed and applied. For example, if growers always believed 
that this year's price would prevail the following year, they would tend 
to produce either "too much" or "too little. "2/ If they felt others in 
the industry were behaving in a similar manner, they might modify their 
price expectations. Price expectations might also be modified based on 
errors in previous expectations, although attempts by economists to give 
explicit form to such considerations in formulating supply models have 
so far met with only modest success, at best! 


1/ This is the well-known "cobweb" phenomenon which has played as impor- 
tant role in explaining adjustment processes in agricultural industries. 
See, for example, Waugh, Frederick V., "Cobweb Models," Journal of Farm 
Economics, Vol. 46, No. 4, November 1964, pp. 732-750. 


2/ Nerlove groups models of expectation formation in three classes: 
extrapolative, adaptive, or rational. For a discussion of these approaches 
see Nerlove, Marc, "Time-Series Analysis of the Supply of Agricultural Pro- 
ducts," Chapter 2 of Agricultural Supply Functions (edited by E. 0. Heady, 
et al.), Ames: Iowa State University Press, 1961. 
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The aggregate influence of alternative crop returns on Brussels 
sprouts supply response is particularly difficult to measure. Discussions 
with California growers suggest that other vegetables such as broccoli are 
not regarded as good alternatives on Brussels sprouts land. Other crop 
possibilities appear variable among farms and provide little basis for 
aggregate prediction. Their effects, if any, thus show up in the distur- 


bance or error term of the supply equation. 


Acreage Adjustment in California 


With these considerations, the yearly change in acreage is related 
to past changes in profitability Oe nest 
frozen pack AO oe ~ Qct=1)* a variable associated with the Brussels 


Sprouts Marketing Program (AL, ) and a random disturbance term (v,); 


), changes in the size of the 


which accounts for the effects of omitted factors. 


(1) Ant -A =b b,, AM 


et~1 ~ P10 7 Par cea * Pye "Qice ~ Geen? * ® 


AL, + Vv 


a3 f 


where 
= (P 


oli (3 Cc ) 


ai | get-1 C ctet? gpct-2 _ gct-2 


and AL. = 1.0 in 1958; zero for all other years. 


The variable L. is a dummy factor introduced to allow for the possiblity 
that the establishment of the Brussels Sprouts Marketing Program in 1958 


may have affected the level of grower acreage response. 


This model involves an element of "extrapolative" expectations. Past 
changes in prices and costs are extrapolated by growers into expectations 
of future net returns. However, there is no explicit assumption concerning 


the relation of expected prices to actual past prices or errors in past 


1/ 


expectations .— 


1/ Other equation forms were also investigated. For example, changes in 
acreages and production were expressed in relative terms rather than first 
differences. The discussion and presentation is limited in all cases to the 
algebraic forms which proved most satisfactory in the final empirical analysis. 
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Total Production in California 


Total production Q.) is identically equal to acreage (A, multiplied 
by yield (Boys or 


(2) ct * Bort ct’ 
Yield per acre is treated as an exogenous variable (values taken as given 


or projected) in this analysis. 


Farm Level Demand and Raw Product Allocation 
This section develops four major relationships; the first relates to 

freezer demand for raw product, the second to demand for fresh sprouts, 

and the third and fourth to the allocation between fresh and processed 


sales. 


Freezer Demand for Raw Product 


The quantity of Brussels sprouts which freezers desire to process in 
a particular year is determined by their expectations as to (a) future 
sales, prices, and costs of processing the final product; (b) inventory 
levels; and (c) the price to be paid to growers for the raw product. To 
place the adjustment process in a mathematical framework suitable for sta- 
tistical analysis, we first specify an identity relationship which parti- 
tions planned pack into the sum of planned sales and planned adjustments 
in levels of stocks carried from one period to the next. 

k 


* * 
(3) Ve * Pye F S41 7 Se° 


Since the model to be formulated applies conceptually to all areas we 
shall, for convenience, omit the regional subscripts (i.e., c or o) in 
the development. For purposes of comparing with the outline in Table 

8 and the later empirical analysis, a subscript c should be added to all 
price, cost, and quantity variables in Equations (3) through (12). 
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None of the starred variables is observable. To develop a quantita- 
tively measurable model, we relate the unobservable to observable vari- 


ables and random disturbances and substitute them in (3). 


Planned pack.--It seems reasonable to assume that actual pack may 
be close to or identical with the pack finally planned or desired by 
processors. Minor deviations may occur as a result of weather or other 
random operational factors beyond the control of management. Planned 


pack thus may be expressed as: 
* 


Planned sales.--The manner in which freezers plan production adjust- 
ments from one period to the next is conditioned by the competitive struc- 
ture of the industry. The fewness of the Brussels sprouts freezers sug- 
gests a somewhat oligopolistic structure, with each freezer conscious of 
the actions of his competitors and his own market share. As a working 
hypothesis we shall assume that planned or desired sales of each freezer 
are determined by first establishing a target price and then adjusting 
production by an amount thought to be necessary to achieve this target 
price, with allowance for expected adjustments of competitors. The 
firm's target price is defined as the sum of expected average unit costs 
of freezing, cost of the raw product, and some constant representing 
desired or target level of profit margin. The desired profit margin 
could also be expressed as a proportion of total cost, but it is simpler 
not to do so in this case. The target profit margins may vary among 


firms, and over time with market conditions. 


The average industry target price can be represented by (or expressed 
as a function of) expected average industry unit freezing cost (cf), the 
raw product cost, which is essentially the same for all freezers, an 
average target profit margin, and a random term reflecting period-to-period 


variations not accounted for by the listed variables. Algebraically, 


* * 


(3) Pot - pt gpt 20 


oa 
V3 


where k is a factor for converting from frozen product to raw product weight. 


The term boo is the desired or target profit margin, which we shall treat 
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as constant although it might vary as a function of past levels of profit- 
ability or the state of business conditions. A dummy variable (L) may be 
included to allow for a possible shift in the target profit margin with 
the establishment of the Brussels Sprouts Marketing Program. We shall 
assume that expected costs can be represented as Ciel plus some constant 
which may reflect the trend in cost or possibly some bias in our measure 


of cost. Thus, we may rewrite (5) as 


* 
(6). P + kP + b., + b L.t+v 


pt “pt-1 apt. 30°" 31 3t° 


The amount by which processors attempt to adjust production in view 
of the established target price depends on the manner in which they per- 
ceive the demand function for their product and the probable actions of 
their competitors. Presumably, the management of each firm forms some 
notion of the effect on the price of Brussels sprouts of changes in quan- 
tities of Brussels sprouts marketed, and the likely impact of changes in 
quantities of competing products, growth of population and income, and 
other outside factors which may affect the level of demand. They also 
have some notion about the likely behavior of competitors. Sales plans 
for the entire industry then are determined as the sum of these indi- 


vidual firm perceptions. 


The aggregate processor perceptions of demand could assume any of 
several mathematical forms. After empirical explorations with a strictly 
linear equation, a constant percentage relationship, and a mixture of 
the two, we selected the latter on grounds of "best fit" and the need to 
derive a final equation form with properties most suitable for statistical 
estimation. The mixed form relates given absolute changes in prices to 
constant percentage changes in quantity of sales. The planned sales 
equation thus is as follows: 


* 


pt a DH h @ 


(7) D [bag t Py) 


* 


pt-1 


The coefficient bay reflects the composite of processor notions about the 
effects of quantity marketed on the price of Brussels sprouts, possibly 


modified by cautious attitudes or physical and financial restrictions on 
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rates of expansion. The latter, however, are assumed minimal in this anal- 
ysis. Processor notions of the effects of competing products and other de- 
mand factors seem likely to be highly subjective and variable. Their influ- 
ence is therefore reflected in the unexplained disturbance tern, Var and in 


the trend coefficient byo: 


Substituting (6) into (7) gives 


* 


(8) . 


> D Cc 


pt-1 [sq t+ bs)? 


pt-l ‘“pt-1~ ae a beoke ‘a Yse! 


where 


be» = -b,1b3,, and 
Yse ™ Yar ~ 9gi%3e° 


The form of Equation (8) has the advantage of linear simplicity and 
at the same time permits the absolute response to given price or cost 
changes to increase as the industry becomes larger. This seems appro- 
priate when measurement encompasses the range from early development to 
maturity of the industry. Note that if P otek is equal to expected cost 
of processing plus normal profit and raw product price in year t, the 
planned sales for t are the same as actual sales in t-l, except for the 
trend and random disturbance effects. Since bey is positive, if the price 
in year t-1 exceeds the expected costs, processors will tend to increase 
planned sales; they decrease sales plans if last year's price was below ex- 


pected costs. 


Planned stocks.--Product inventories are necessarily carried from 
one production period to the next so as to keep the marketing "pipeline" 
full and as a buffer against or a consequence of errors in judging demand, 
weather effects, and other uncontrollable factors. The "normal" quantity 
of carryover may vary roughly as a proportion of the planned sales. 
Planned adjustments in levels of stocks held at the end of crop year t may 
be expressed as a linear function of the difference between normal stocks 


and the level of stocks at the beginning of the period. That is, 
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* * 
(9) Spy 7 5, = GOD, - 8.) + Vee 


where 
X is the "normal" or desired carryover ratio and a is another 


constant. 


If the industry decision makers were fully perceptive in their judg- 
ments, & would have a value of 1.0. The sum of individual inventory plans 
would call for an adjustment to the desired normal level, QD). Values 
of a below 1.0 would suggest some sluggishness in adjusting inventory 
levels while values greater than 1.0 would indicate a tendency to over- 
react--for processors give too much weight to current inventory levels in 
the adjustment scones. It is possible that the value of A may vary 
with the size of the industry and with taxes and interest rates. However, 
average carryover ratios have not changed appreciably with the growth of 
total sales and we have had limited opportunity to observe the effects of 
recent high interest rates. Consequently, we shall treat A as though it 


were a constant in this analysis. 


The final processor raw product demand equation.--Equations (4), (8), 
and (9) may now be substituted into (3) to eliminate the nonobservable 
variables and to obtain a function expressed entirely in terms of measur- 


able quantities. First substituting (4) and (9) into (3) gives 
(0) Q,* Died + aX) - aS, + V4, - Vp, 
Now substituting (8) into (10), we obtain 
(11) Qt = (1+ OAD p-7 [b. + bey Ot - Cotet - KP ot? + book, 
+ Vo] - as, + ve. - Yore 


1/ Alternatively a may be viewed as having a value of 1.0 but the level 
of Ss. may be considered by processors in evaluating the potential level of 


demand during the forthcoming year, thus appearing as a variable in Equation 
(8). Relatively high or low values of S would be indicative of errors in 
judging demand during the past period and so would lead to some modification 
of anticipated demand levels in the next period. Either formulation leads 
to the same final form of freezer demand equation for raw product. 
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For estimation purposes, (11) may be expressed more conveniently as 


s 
(12) eee + beM, + byob, + b ton fy 


Dir-a 60” 62 62 6304 vt 
where 

Me Fen ~ “peat ~ got 

60 = (1 + GA)b,o, 
bey = (1 + Odds» 

deo = (1 + OA) deo» 

be3 = -O, 

Yor ~ Vat 
Vir = (1+ OA)ve + ae rns 
pt-1 


We shall assume that Vee and. vy, vary approximately as random proportions 
of Date? thus eliminating Dt-1 as a factor in the total disturbance 
term. Therefore, Vor is regarded as a random disturbance with zero mean 


1/ 


and roughly constant variance .— 


Note that the value of A is not identifiable (cannot be determined) by 
“estimation of the parameters of (12). This is of no consequence as long 
as X remains constant. The impact of a reduction in i, as might occur 
with current very high interest rates, could be approximated by subtracting 
a constant from (12) equal to the amount of the reduction times the coef- 
ficient be3° 
stant 0.10(-b, 3) would be subtracted. This would leave the predicted pack 


For example, if A were 0.28 and decreased to 0.18, the con- 





unchanged for the level of reduced by a factor of 0.10. 


t 
Bei 


Fresh Market Demand 


By fresh market demand we mean the schedule of prices, received by 
grower-shippers, associated with various quantities placed on the market 


1/ A subscript c, to denote California, is added to each of the vari- 
ables in our empirical estimates of (12). Note that since both Ss. and Do 


are computed as the same proportion of ai and Dis (as explained in the 
Set 2 Sust 


Meee D nto 





outline of the model), 
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in particular time periods (or vice versa). Since the fresh product is 
not storable, the demand is derived directly from the demand of consumers, 
rather than indirectly through processor expectations as in the frozen 
outlet. Consumer demand may shift with population, income, sales of 
competing vegetables, shifts in taste, and the composite effect of a 
wide assortment of individually minor factors. Demand may also vary 
among regions, and by packages, sizes, and qualities of the basic 
commodity. The set of demand equations facing shippers in a particular 
producing region is obtained by subtracting transportation and marketing 
cost (which may also vary stochastically, with volume, and over time) 
from the consumer demand in each region and for each type of package 


and quality. 


With several producing, and many consuming regions, the determination 
of the final set of regional shipping point prices involves a multimarket, 
multiproduct solution for each period. Since we lack the data required for 
estimating regional retail demand functions and measurement of marketing 
system cost, we shall abstract greatly from this complex structure and 
treat the changing effects of the marketing and distribution system simply 
as trend factors or a part of the unexplained disturbance. This permits 
us to measure demand in terms of a single equation directly at the grower- 
shipper level (or at the f.o.b. processor level in the case of the frozen 


product). 


In formulating the demand equation we shall treat the California 
price as the dependent variable. Prices in other regions, if we knew them, 
could be expected to move closely with California prices, but probably at 
different levels, reflecting differences in transportation costs to markets. 
Since California shippers trade in national markets, the regional price is 
determined by demand variables pertaining to the total, rather than regional 


markets. 


Use of price as the dependent variable stems from our argument that 
the fresh market quantity is determined mainly as a residual--i.e., 
quantities produced that are not allocated to freezing are marketed fresh. 
Fresh marketings, although endogenous in the total system, thus may be 
viewed as essentially predetermined with respect to the current fresh price. 


Sales of the frozen product, which are spread over the entire year, are 
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similarly regarded as affecting the current fresh market price, but are 
not themselves appreciably affected by this price. Further support for 
this argument is developed in the section on frozen product allocation 
and demand and in the section on empirical estimation. 


With these considerations, the California shipping point price for 
fresh Brussels sprouts Pe) is related to the U.S. per capita sales of 
fresh Brussels sprouts (Xi -)> U.S. per capita sales of frozen Brussels 
sprouts &p)? per capita consumption of all other vegetables &), U.S. 
per capita total food expenditures (F), and a random disturbance term. 
The equation form, with all variables measured in logarithms, (this 


expresses the relationship in percentage terms) is as follows:_/ 


13) Posee = 79 + Pp Xboe * P7oXpee t b7s%up t+ Og yFe + Yap: 


Because of a lack of consistent import and export data extending over 
a period of years, per capita disappearance of frozen and fresh sprouts 
includes only quantities produced in the U.S., with no adjustment for 
exports. This does not appear particularly serious for frozen sprouts 
since the quantities imported are quite small, with net imports (imports 
minus exports) probably even smaller. The omission of fresh import data 
may be more significant in view of recent increases in shipments from 
Mexico. Unfortunately, we have no way of determining precisely how much 
of the fresh imports remain in the U.S., how much is transshipped to 
Canada, and how much of the fresh domestic production is exported. Since 
a major portion of the fresh imports is marketed when fresh domestic 
sprouts are in short supply, this omission may have a relatively minor 
affect on California fresh market prices. It could have a greater effect 


on the frozen sprouts, which are marketed throughout the year. 


Per capita food expenditures (F) is used in place of income as an 
indicator of the general level of demand for food. The variable x 
allows for the aggregate effects of sales of competing vegetables on 


1/ A formulation linear in original values was also explored. The 
log form appeared to have a slight statistical advantage and only the re- 
sults based on this form are reported. 
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the price of frozen Brussels apeoute ©! Such aggregation masks some of 
the separate influence of individual vegetables, such as fresh or frozen 
broccoli, cauliflower, or peas. It is necessary because of the impossi- 
bility of obtaining meaningful results with many individual competing 


product variables in a limited sample of seatvaticns.” 


Raw Product Allocation of Growers 


To complete the farm level block of our model we need equations 
which determine the amount of sprouts growers desire to allocate to 
freezing and to fresh outlets. A key consideration in formulating the 
allocation equations is the information available at the time the allo- 
cation decisions are made. We noted in our initial discussion of the 
structure of the Brussels sprouts economy that quotas for freezing are 
established in late spring or early summer. At that time growers have 
little information about fresh market demand for the coming season. 

They do know how much was allocated to each outlet during the past season, 
the general level of current production costs, and the price received 
in the fresh market during past periods. Total current production is not 
known. For each set of values of these known variables there is a 
schedule of quantities growers desire to produce for freezing for various 
levels of prices paid by freezers for the raw product. The quantity 
allocated to the fresh market then is determined residually as the differ- 
ence between final total production and the quantity frozen. 

1/ Variables F and xX, are available only on a calendar year basis. 


To be consistent with the supply components of our model, the other 
variables are expressed on a crop year basis. This means that the values 
of these exogenous variables coincide with the other crop year values for 
only a part of the crop year. This does not appear to create any signifi- 
cant problem for F. In the empirical analysis the competing products 
variable is expressed as two-year averages to convert more closely to crop 
year values. 


2/ In an initial formulation, the variable x, was split into three 
parts: Xes per capita consumption of frozen vegetables; Xa? per capita 
consumption of canned vegetables; and Xo» per capita consumption of fresh 


vegetables--all measured in retail weight. This proved generally unsatis- 
factory because of high intercorrelation problems, principally between Xe 


and Xp’ 
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Frozen allocation equation.--With these considerations, the quantity 
that growers desire to produce for freezing is expressed as a function of 


the level of frozen sales during the previous year (D ), the current 


pet-l 


raw product price for freezing (P ), the average fresh market price 


ba gpct 
during the past two years Ptct-1)” the average cost of farm production 


(Cc 
get 
attitude with the establishment of the Brussels Sprouts Marketing Program 


), and a shift variable (L,) that allows for a more restrictive 


in 1958. To facilitate simultaneous estimation, the dependent variable 
of the grower allocation equation is expressed in a form identical to 
the freezer raw product demand equation. The remaining variables enter 


linearly as follows: 


Q 
(14) oe 


Dict-1 2% + deiPepct * bgaPetce-1 + Pgs@cct + Pegi + Yor 


where 


1 
Poect: "2 Ppccena * Pycctna)® 


At the time the frozen raw product allocations are made, the final 
grower price for freezing may still be somewhat uncertain. Our model 
assumes that there is sufficient exchange between growers and processors 
at the time the quotas are set for growers to have a reasonably close 
idea of their price. In a particular year, unusual weather or fresh 
market conditions may cause the final grower price to deviate some from 


the price expected at the time the frozen quota is established. This 


shows up in the unexplained residuals of the equation ._/ 


1/ It might be argued that Fock in (14) should be replaced by an 


anticipated price, P' which may differ from the price ultimately re- 


gpcet 
ceived. The anticipated price, although not observable, would be closely 
correlated with the realized price, P » and the deviation of the cur- 


- Thus, 
gfct-1 
the current fresh market price would appear indirectly in the empirical 
equation. Initial explorations indicated that this formulation involved 
major simultaneous estimation problems (including nonlinear forms), plus 
some intercorrelation problems. In view of these difficulties and the 
potentially small improvement in the parameter estimates, the formulation 
involving P pfct explicitly was abandoned. 


gpct - 
rent fresh price, P fcr? from the past average fresh price P 
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We would expect the coefficient bey in (14) to be positive and bgo» bg3> 


7 Q 
and b,, to be negative. The values of me 1 ie and P are determined by 


84 Dct-1 gpct 
simultaneous solution of Equations (12) and (14). The resulting quantity 
of frozen pack then enters as a variable in (1) in determining the final 


acreage adjustment. 
Fresh market allocation equation.--The quantity sold fresh (Q,.) is 
equal to the total production (Q.) less the quantity allocated to freezing. 


(15) ect Qt it KQ oct 


where k is a factor for converting from frozen product to raw product weight. 


Frozen Product Demand and Inventory Allocation 
This section deals with demand and supply relationships for the final 
frozen product. Three types of relationships are involved: (1) a behavioral 
equation which describes the demand facing freezers, (2) a short-run supply 
equation (behavioral) which determines the quantity processors desire to 
allocate to current sales, and (3) an identity which determines the allo- 
cation to carryover stocks, given the initial total supply and the allo- 


1/ 


cation to sales.— 
Demand Facing Freezers 


The demand facing freezers of Brussels sprouts involves essentially 
the same variables as the fresh market demand, plus the percent of U.S. 
homes with refrigerators (R). The latter is used as a proxy variable to 


indicate, in part, the shift toward consumption of vegetables in frozen 


1/ Alternatively, we could have specified a processor demand equation 
for carryover stocks. In this case, the carryover stocks would have been 
determined directly by the behavioral equation, rather than indirectly 
through an identity. However, the identity which equates ending stocks 
plus sales with total supply would still be required for an allocation 
solution. The two formulations lead to identical results. 
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form. The equation form, with all variables measured in logs as in the 
fresh demand (which expresses the relationship in percentage terms) is 


as follows: 


(16) Pret 7 810 * 81r%ppe + *i%pee t+ AaaXve + AagFe + Aish + YE- 


The price of grade A sprouts in 10-ounce packages is used as a represen- 
tative price. This is the highest volume product and prices of other 
packages and styles tend to move closely with it. The variables Xie 
Fee and R.. are exogenous. For reasons discussed previously, per capita 
fresh sales Ger? although endogenous in the total model, is regarded 
as predetermined in (16). Price Pict? and per capita frozen sales 
Qype? are jointly determined, suggesting that the parameters of (16) 
should be estimated simultaneously with those of the sales allocation 
equation to be discussed shortly. In practice, the simultaneous and 
single equation estimates turned out to be almost identical, for reasons 
to be explained in the empirical section. 


Sales Allocation of Freezers 


The quantity of frozen Brussels sprouts sold during a particular 
year is determined by a complex weighing of current prices, expected 
future prices, levels of inventories, and costs of holding inventories. 
The representation of this relationship in mathematical terms involves 
difficult problems of selecting an appropriate equation form and re- 
lating the expected future prices to observable variables. Expectations 
concerning future (next period) prices seem likely to be based on past 
average ("normal") prices and might therefore show up mainly as either 
a constant or a trend factor. Inventory costs are difficult to measure 
and except for recent large interest rate increases, appear not to have 
changed greatly from one year to the next. Thus, the influence of this 
variable might also show up as a constant (or a constant proportion of 
price). With these considerations, the sales allocation equation might 


be expressed crudely as follows: 


a7) D ust * S30! #21 pct © 992 Qoust - S ust? ibe 
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Equation (17) expresses the total sales in the United States market 
as a linear function of the current price and beginning total U.S. stocks 
plus quantity packed. The joint nature of D, and Po suggests that the 
parameters of (17) might be estimated most appropriately as part of a 
simultaneous system involving the demand equation facing freezers. Statis- 
tical explorations with this crude simultaneous model (including logarith- 
mic variations) gave generally unsatisfactory results, particularly with 
reference to the significance of the effects of current prices on sales 
allocations. In view of this problem and the difficulty noted in specify- 
ing the structure of the inventory model, we have developed an alternative 


formulation to predict the sales-inventory allocation. 


The basic argument of the alternative approach is that freezer allo- 
cations to current sales can be predicted with considerable accuracy on 
the basis of initial total supplies (beginning stocks plus quantities 
packed) and the extent to which this supply exceeds previous sales. That 
is, 


(18) Das = a5 + ay, (Q +S.) 


t pust ust 


+ 35 (Q + S )tu 


pust ust _ Doust-1 3st" 
Again, consistent with the formulation of the demand model, all variables 


refer to total U.S. quantities. 


This equation form reflects a balancing of the increased pressure of 
larger than normal supplies (or short supplies) and the freezer's desire 
to maintain an orderly flow of marketings. All variables on the right are 
predetermined, suggesting that a single equation approach may be appropriate 
for estimating the parameters of (18). We would expect a3, to be positive 
and a3 to be negative. Thus, sales increase with increases in available 
supply, but the proportions of initial supply marketed decreases as the 
level of supply increases relative to the disappearance of the previous 


year. 
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Inventory Allocation of Freezers 


The freezer allocation to stocks to be carried into the next production 
period is given by the identity, 


(19) Ss +S - D 


ust+1 ~ Qoust ust pust’ 


Equations (17) or (18) may be substituted into (19) to obtain a behavioral 


equation which directly predicts carryover stocks, S The latter may 


ust+1° 
be viewed as a freezer demand equation for carryover stocks. 


EMPIRICAL ESTIMATES OF SUPPLY AND DEMAND RELATIONSHIPS 


Estimates of the parameters of the equation forms described in the 
previous section were developed from data covering the period 1947 to 1967. 
"Official" data pertaining to grower prices and acreage are available 
only to 1949. To make maximum use of the other data series, crude esti- 
mates of the 1947 and 1948 values of grower prices and acreage were devel- 


oped for use in the total analysis. 
Farm Production 


The parameters of the California acreage adjustment equation were 


estimated by ordinary least squares (OLS) since all variables affecting 
af 


acreage are regarded as predetermined.— The acreage and production equa- 
tions are as follows (values in parentheses are standard errors, R is 


the correlation coefficient, and d is the Durbin-Watson Statistic). 


1/ The quantity to be packed, a, is predetermined with respect to 


ct” 
acreage because it is established in late spring without joint reference 
acreage planted. See the previous discussion of economic structure. 
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Acreage Adjustment in California 


(lA) A, = A, , + 110.15 + 408.16 @ | - Mo) 
ct ct-1 (109 .43) get-l gcet-2 
+ 28.70 (9. -Q 4) - 532.79 (L. - L,_,) 
(igsny EEE” ines) © OF 
where 
1/ 
M = Pp - C ° R= 825, d = 2.25.— 


get get gct 
Total Production in California 


Sah) Get * Bae Ace’ 

The signs of the coefficients of (1A) are all consistent with theo- 
retical expectations and the major coefficients Ge. for Mec and 0.) 
are large relative to their standard errors. The estimates thus seem good 
in a statistical sense, although there remains a considerable amount of 


variation to be explained stochastically as a result of omitted factors. 


Equation (1A) indicates, for example, that a one cent per pound change 
in the average grower price for all sprouts, measured as a deviation from 
average cost, has been associated on the average with a change of about 408 
planted acres in the same direction. The coefficient of Qpct - Octal in 
(1A) measures the effect of the "second stage" adjustment in grower plans 
when the frozen quota becomes known. It indicates that (say) a one million 
pound change in allocation to freezing is associated with a 28.7 acre modif- 
ication of planting plans, with other variables constant. With average 
yields of about 11,500 pounds per acre, production would change by 330,000 
pounds, or 281,000 pounds in frozen product terms. The less than full modif- 
ication (i.e., 281,000 vs. 1,000,000) reflects grower reluctance or inability 
to alter production plans greatly within a short period. Note that if the 
frozen pack is equal to the previous year's pack and there is no change in 
profitability Octal ~ Noted 
year t to increase by 110 over the previous year, indicating a slight upward 


= 0), Equation (1A) predicts the acreage in 


trend not fully accounted for by the equation variables. The coefficient 


1/ Hypothesis of independence of error terms not rejected at the 5 per- 
cent significance level. 
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-532.79 suggests a downward adjustment in the level of acreage with the 
establishment of the market order program. 


Four equations are involved in this component of the model. The 
parameters of three of these--the California freezer demand for raw pro- 
duct and the grower allocation equations--were estimated simultaneously 
by two-stage least squares. For convenience of exposition we shall pre- 
sent and discuss the three equations as a group. The fourth equation-- 
the fresh market demand--was estimated singly by ordinary least squares 


and will be considered separately. 


Freezer Raw Product Demand 


Q 
(12A) se - 1.5352 + 0.0576 (P c = Lee 22) 


pet=1 (0.0178) Pct-1 “pet-1 ct 


S 
~ 1.8455 Scie - 0.0350 L,. 
(0.4169) Ppust-1 (0.0903) 


Frozen Allocation 


(144) pet = 0.2853 + 0.2551 P_. - 0.07567 
pet-1 (0.0484) 8P°* (9.0473) ® 
- 0.0787 C_. - 0.4687 L 


© (0.1540) * 


(0.0696) 8° 
where 


= 1 
Pefct ZF oece3 ig P fcte2" 
Fresh Allocation 


(5A) eae = Bopdoe ~ 1+172 Qee: 


ctc 
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The signs of the equation coefficients again are all consistent with 
theoretical expectations and most are large relative to their standard 


errors (in parentheses), which refer to the second stage of the TSLS. 


Equation (12A) indicates that the demand of freezers for raw product 
increases with the sales and f.o.b. price of the previous year and decreases 
with increases in cost, grower price, and levels of stocks relative to past 
period sales. Raw product demand may have shifted downward slightly but not 
significantly with the establishment of the Brussels Sprouts Marketing Pro- 
gram (when L = 1). To give more specific interpretation, a one cent in- 
crease in the past period f.o.b. price or decrease in unit cost has been 
associated with a 5.76 percent increase in demand for pack relative to the 
previous year's sales. The effect of a change in grower price is determined 
by first multiplying the coefficient .0576 by the frozen to raw product 
conversion factor, 1.172, giving a value of .0675. Thus, a one cent in- 
crease in grower price has decreased the quantity demanded by freezers 


by 6.75 percent of the previous year's sales. 


In the earlier discussion of structural relations it was noted that a 

S 
value of -1.0 for the coefficient of the stock variable (ee 5 could be 
pust-1 
regarded as indicating a neutral reaction on the part of processors. The 


high value (-1.84) obtained in (12A) suggests a tendency on the part of 
freezers to give more weight to inventory carryover levels than would be 
required merely to adjust inventories to average levels. This may lead 
to greater fluctuations in stock and/or production than might occur with 


a more neutral reaction. 


Equation (14A) is interpreted similarly to (12A). It measures the 
quantities of Brussels sprouts which growers desire to allocate to freez- 
ing for varying levels of current raw product price for freezing, the 
average fresh market price for the past two years, and the average cost 
of production. Note that the dummy shift variable L. is much more signifi- 
cant in the grower equation than in the processor demand equation. This 
seems highly consistent with our original hypothesis concerning the effects 
of the Brussels Sprouts Marketing Program. It suggests that beginning in 
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1958, growers became more restrictive in the quantities which they desired 
to allocate to freezing--or put another way, their aspiration price in- 
creased. Processor attitudes, on the other hand, appear to have been only 
mildly altered, if at all, by this program. 


Each of the equations, taken alone, may be used to make conditional 
predictions. For example, if we specify the grower price for frozen 
sprouts along with the values of the predetermined variables, we May pre- 
dict the quantity processors wish to freeze (12A) and the quantity growers 
desire to allocate to freezing (14A). These, of course, will not neces- 
sarily be identical quantities except for a particular price. To make 
unconditional forecasts--i.e., to predict expected quantities--we solve the 
two equations simultaneously for the grower price which will equate the 
quantity growers desire to supply for freezing with the quantities freezers 
wish to buy. The solution depends on the values of the exogenous or lagged 
endogenous variables in the equations, which are known at the beginning of 
each crop year. Given this solution, quantities allocated to the fresh 
market then are determined as in Equation (154A). 


Fresh Market Demand 


Exploratory application of least squares regression to the fresh mar- 
ket demand equation (13) quickly revealed a serious problem--the tendency 
of per capita food expenditures, F, (or income, if used) and per capita disap- 
pearance of frozen Brussels sprouts, hn? to move together historically in such 
a way as to make determination of their separate influence very difficult. 
One means of coping with such difficulties is to introduce additional con- 
straints into the model, either from other empirical knowledge or from 


logical inference. We have followed the latter procedure. 


We argued that, with all other variables constant, a given percentage 
change in F ought to produce about the same percentage change in the price 
of Brussels sprouts. That is, a one percent increase in undeflated expen- 
ditures on food, with quantities constant, would tend to increase price by 
one percent if the allocation of consumer expenditures did not change appre- 


ciably. In the logarithmic equation the coefficient for F simply becomes 
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1.0. Consumer allocations of expenditures may change, of course, with 
changes in total income and food expenditures. However, unless there was 
a dramatic change, the coefficient for F would be somewhere in the neigh- 


borhood of 1.0. 


With this restriction, the parameter estimates of (13) were as follows: 


(13A) log es “eg 5.6766 - 0.5830 log ot - 0.6887 log Xvet 


fs (0.1317) (0.1954) 


- 3.5835 log Xie + 1.0000 log F. 
(1.8737) 


Reng ISyoas 156002) 


The value of R refers to the multiple correlation coefficient with log Peat 
- log F. as the dependent variable. Again, the signs of the coefficients are 
all consistent with theoretical expectations and they are all large relative 


to their standard errors. 


The coefficients of (13A), often referred to as price flexibilities, show 
the effect on the fresh Brussels sprouts price of a one percent change in 
associated quantity with all other variables, including random disturbances, 
constant. For example, (13A) suggests that, if we hold other things con- 
stant, a one percent increase in per capita disappearance of fresh Brussels 
sprouts has been associated with about a 0.69 percent decrease in fresh price. 
A similar increase in marketings of frozen sprouts reduced the fresh price 
by about 0.58 percent. A one percent increase in total per capita vegetable 
consumption reduced the fresh Brussels sprouts price by about 3.6 percent. 
Note that although the coefficient for total vegetables is much larger than 
the Brussels sprouts coefficient (3.58 compared to 0.69), a rather large 
absolute quantity change in total vegetables is required for the same price 
effect as a small change in quantity of Brussels sprouts. This is due to 
the much larger magnitude of total vegetable consumption (e.g., 146 pounds 
per person compared to 0.23 for Brussels sprouts). 


1/ Value of d lies in the indeterminant range for a 5 percent level of 
significance. 
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Frozen Product Demand and Inventory Allocation 


This component of the model involves two behavioral equations--the 
demand facing freezers and the sales allocation of freezers--plus an 
identity to obtain the associated allocation to carryover stocks. Two 
alternative formulations of the sales allocation equation were considered: 
(1) a model involving current price, as well as sales, thus requiring 
joint estimation of the demand and sales allocation equations, (16) and 
(17); and (2) a model which predicts sales as a function of quantity packed 
plus initial stocks and the quantity sold the previous year. In this case 
the demand and sales allocation equations, (16) and (18), are estimated 
separately by ordinary least squares. We shall present both sets of esti- 


mates for each behavioral equation. 


Demand Facing Freezers 


As in the case of the demand for fresh sprouts, estimation of the 
demand facing California freezers is complicated by high intercorrelation 
among some of the explanatory variables. Two restrictions were imposed 
to cope with this problem. First, we combined R and F into a single vari- 
able Y=R- F. This simply assumes that only those families with refrig- 
erators are an effective part of the market for frozen vegetables. It 
ignores institutional consumption, but growth in the percentage of refrig- 
erator ownership appeared highly correlated with the early growth of the 
frozen vegetable market. Today more than 99 percent of all U.S. homes 
have refrigerators—-see Appendix Table A-20. Second, we again constrained 
the coefficient of the per capita food expenditure variable in the manner 
indicated for the fresh demand--i.e., the coefficient of Y is assigned a 
value of 1.0 in the log form of Equation (16). 


With these restrictions, the parameter estimates of Equation (16) 


were as follows: 
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Ordinary least squares 


(16A) log Pic = 5.8161 - 0.6322 log Ayr - 0.1528 log Xvee 


. (0.0780) (0.1157) 


- 3.2167 log X,, + 1.0000 log Y, 
(1.1095) 


R= 0.96, d= 702! 
Two-stage least squares 


(16B) log P__ = 5.8975 — 0.6747 log = 0.2020 log 
pet (0.0775) “opt (0.1130) “yet 


- 3.2898 log Xie + 1.0000 log Yee 
(1.0508) 


The value of R is the multiple correlation with log Pic - log Y as the de- 
pendent variable. The standard errors for the TSLS estimate refer to values 
obtained with the second-stage regression. Although the usual significance 
tests are not strictly appropriate in the latter case, the values give some 
idea of the strength of the estimates. In these terms, the TSLS estimates 
appear slightly superior to the OLS, but the difference is very small and 
the values of regression coefficients are nearly the same for each method 

of estimation. In both cases the signs of all coefficients are consistent 
with theoretical expectations and are generally substantially larger than 


their standard errors. 


The coefficients of these equations are interpreted in the manner des- 
cribed for the fresh market demand equation. That is, they show the per- 
centage change in price resulting from a one percent change in the associated 
quantity with all other variables (including random disturbances) constant. 
The coefficients are of the same general order as those in the comparable 
fresh demand (Equation 13A) except that the quantity of fresh sprouts a) 
affects the frozen price less than the quantity of frozen sprouts &,)? 
affects the fresh price. This seems plausible with annual data since fro- 
zen sprouts are always available to compete with fresh, whereas fresh 
sprouts compete with frozen during only a part of the year. 


1/ Hypothesis of independence of error terms not rejected at the 5 per- 
cent significance level. 
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Sales Allocation of Freezers 
Simultaneous model (two-stage least squares) 


(17A) log Pos = -0.1572 + 0.9905 log (Q + 5§ 


(0.0520) pust * Suet 


st 


+ 0.0417 log P oe 
(0.3457) P 


Single equation model 


(18A) De = 2.4439 + 0.7832 (Q 5.) 


st (0.0568) | Pust ust 


“Ou 3 Sust Doust-1) 


R= .97, d = 2.42. 


Equation (18) was also fitted in terms of logarithms with very similar 
results in terms of significance measures. Comparing (17A) and (18A), the 
coefficient of price in (17A), while showing the correct sign, is of doubt- 
ful significance. The single equation model (18A) appears to provide a 
slightly stronger basis for sales prediction, particularly if we allow in 
the statistical interpretation for the loss of an observation due to the 
lagged variable. It "explains" more than 93 percent of the variance in 
total disappearance during the 20-year period included. It indicates that 
disappearance changes at the rate of about 78 percent of total beginning 
supplies of frozen sprouts, with a downward adjustment as the level of 
supplies increases relative to sales of the previous yea?! Use of this 
equation in the total model suggests that we should also use Equation (164A) 


based on OLS to represent the demand facing freezers. 


1/ Equation (18A) could be expressed more directly as D ast = 2.4439 


+ .5433 (oust +68.) + .2339 G 


ust pust-l° 
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Inventory Allocation of Freezers 


The allocation to carryover stocks, Sist+l? may be obtained by sub- 
stituting either (17A) or (18A) into Equation (19). Substituting (18A) 


gives: 


(19A) S = 2.4439 + 0.2168 Coast + — ) 


ust+1 t 


HOBBIT ce Sige ~ Peta? 


SIMULATION OF THE BRUSSELS SPROUTS ECONOMY 


The estimates of demand and supply relationships developed in the 
previous sections provide the materials needed to formulate a model which 
simulates the process of production adjustment and price change in the 
Brussels sprouts economy. The validity of the model is tested by com- 
paring the output generated following an initial set of inputs, with 
actual prices and production during the period 1950-1967. On concluding 
that the model has predicted with a reasonable degree of success, we then 
use it to inquire, conditionally, into the potential effects of alternative 
marketing policies, technological developments, and trends or changes in 


product demand. 
Summary of the Model 


Mathematical models of economic systems consist of components, vari- 
ables, and functional relationships. The components of the model of the 
Brussels sprouts economy are the producers, the freezers, and the buyers 
of frozen and fresh market sprouts. The variables of the model relate to 
the components and are classed as exogenous or endogenous variables. Ex- 
ogenous variables are variables which affect the system but whose values 
are assumed to be determined or given independently of the system being 
modeled. Endogenous variables are variables whose values are generated 


within the model. 
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The functional relationships, which describe the interaction of the 
variables and components of the system, are of two types--behavioral 
relationships and identities. Both are used to generate the behavior 
of the system. The supply and demand equations estimated in the pre- 
vious section are behavioral relationships. Identities are either def- 
initions or tautological statements about the components of the model. 
For example, the statement that the U.S. quantity of Brussels sprouts 
frozen is equal to the quantity frozen in California plus the quantity 


frozen in other regions, is an identity. 


Variables 


The variables of the system are described and identified in the sec- 
tion dealing with the structure of the Brussels sprouts economy (see 
Table 8). They are listed below according to their classification in 
the simulation model. 

Endogenous variables: A.» Qo» We? Qe.» F pe” P ofc? Pec? Qous* Qeus? 


Seus? Dac? D0? Deus? Poe? Xp? Ae 


Exogenous variables: C Ly CG. 5 Ne Xi» EF, Y, 


ge? Ber 2° Wor or br Soe 


ay We 


Behavioral Relationships 


The model of the Brussels sprouts economy involves six behavioral re- 
lationships derived from the structural equations estimated in the previous 
section. For prediction and simulation purposes, the simultaneously deter- 
mined equations (12A) and (14A) are not used directly in their original form. 
Rather, they are solved for each of the endogenous variables expressed as 
functions of the remaining exogenous or lagged endogenous variables. The 
equations obtained by solving these simultaneous equations are referred to 


as reduced forms. They are designated below as Equations (20) and (21). 
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Note that the value of the frozen pack (Qoet? predicted by the reduced 
form equation then enters as a variable in the equation which predicts 


acreage adjustments. 
1. California frozen pack. 


(20) Qet = Dect-1 [1.2737 + 0.0455 € ct-1 - Cn et-17 


Sust (0.0158 





pust-1 Peete " P efct-2> 


- 0.0165 C = O,1257 1, 3. 
gc t 


t 


2. California acreage adjustment. 


(1A) Ant =A + 110.15 + 408.16 (P 


ct-1 get-l P ct-2? 
~ 408.16 (C, o4 7 ~ Spogn) + 28-70 roe ~ ee-2) 


- 532.79 (L, - L,_,)- 


3. California grower price for freezing. 





S 
3 
(21) P = 3.8744 + 0.1785 (P| - C1) - 5.7207 
epee pet-1 pet-1 Sat 
0.2337 
Segal gtecon * >geae2? & EMO Soy F 1.5444 1, 


4. California grower price for fresh market. 


(144) log P = 5.6766 - 0.5830 log Xoot - 0.6887 log Xoee 


gfct 


- 3.5835 log Xe + 1.0000 log Fee 
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5. U.S. freezer sales allocation. 


(18A) Duat = 2.4439 + 0.7832 (Q + Bt? - 0.2399 (Q 


pust pust 


5 Dust-1"° 


6. California freezer f.o.b. price. 
(16A) log Edt = 5.8161 - 0.6322 log Xt - 0.1528 log Xft 


- 3.2167 log Xie + 1.0000 log Ye 


7. Other region supply and demand relationships. 


af were 


(a) Q-., regarded as exogenous (values taken as given or projected) 


throughout. 


(b) — regarded as exogenous (values taken as given or projected). 


(c) Demand facing other region freezers assumed to be same as for 


California except for level of price. California price used as 


a proxy for other region price. 


(d) Fresh market demand treated as in (c) above. 


je Imports and exports. 


Not included because of a lack of essential data. The potential 


impact of changes in import levels is explored to some extent in 


the simulation experiments. 


Identities 


1. U.S. frozen stocks. 
Sustt1 a Qpust Sust a Dust’ 
2. California ‘total production. 


See Bot Aces 
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8. 


10. 


Vike 
California fresh market allocation. 


See See at 


U.S. frozen pack. 


Q 


pust _ 


Qpet * Qpot* 


U.S. fresh market sales 
Qeust a ect . Qpot” 


U.S. frozen per capita sales. 


D 
= pust 
Xypt N. 


U.S. fresh per capita sales. 


s Qeust 


aft N 


G 


California share of U.S. frozen sales. 


ee 


California average grower price. 


© z 1.172 pet » rf Qeoe 


get Q ee gfct 


72. 


Verification of the Model 


Before proceeding to use the model for experimental purposes we must 
determine whether, in fact, it will generate meaningful values of the endog- 
enous variables involved. Two kinds of tests are applied. The first test- 
ing procedure is to start with an initial set of values and then observe 
the values of prices, acreage, and production generated by the model for a 
series of past periods. These computed values are compared with actual 


values to see how well the model performs. 


The second test is to examine the output generated by the model for 
future periods with respect to its a priori plausibility. For example, if 
the fresh and frozen market grower prices tended to diverge widely or if 
profit margins became abnormally high or low and remained there, this would 
suggest a need for reexamination or adjustment of the model. This aspect 
of the testing procedure is considered in the process of performing simu- 


lation experiments with the model. 


In generating the output of the model the disturbance terms (the uy 
and v,) are set equal to zero. This greatly reduces the computations in- 
volved. The predictions of the model are in terms of expected values--i.e., 
trend or average levels of the endogenous variables. This type of predic— 
tion is most appropriate for making long-term projections of the potential 
effects of alternative marketing policies or changes in the environmental 


factors influencing the Brussels sprouts economy. 


Alternatively, the stochastic elements could be introduced on the 
basis of the estimated variances of the behavioral equations and an assumed 
normal distribution of the unexplained disturbances. This procedure would 
have the advantage of testing the sensitivity of the sequence of model pre- 
dictions to the random disturbances and could provide a range of values for 
future projections for which probabilities might be determined. The diffi- 
culty with this approach is that it requires many repeated computer runs 
to approximate the stochastic pattern of model predictions. Computer costs 
may be 30 to 50 times greater than with the deterministic model in which 


the disturbances are specified as zero. With several simulation experiments 





73. 


to consider this can become a costly procedure. Consequently, we have 


elected to generate only the expected values of the model output. 


The sequence of computations required to generate the output of the 
simulation model is illustrated in Figure 16. The process begins by read- 
ing into the computer all values of variables that are exogenous or treated 
as exogenous to the system, plus the initial first period values of the 
endogenous variables. Beginning inventory levels are computed for the 
second year as determined by pack, sales, and beginning inventories of the 
previous period. This, along with predetermined values of other variables, 
provides the means of computing California grower prices for freezing and 
quantity frozen. The quantity to be frozen and past prices and costs 
are used to compute California acreage. California total production and 


fresh market sales then are determined by Identities 2 and 3. 


Since quantities of sprouts produced in other regions are treated 
exogenously, total U.S. frozen pack and fresh market sales are computed 
by adding these given values to the computed values for California. U.S. 
frozen sales are determined by the U.S. pack, beginning stocks, and previous 
period sales (Equation 18A). The frozen and fresh market sales are then 
expressed on a per capita basis and these values used to compute f.o.b. 
freezer prices and grower-shipper prices for fresh sprouts. Regional sales 
values (the D a and Ds are then calculated to be utilized in calculating 
California acreage, grower prices, and frozen pack the next year. Time is 


then advanced one year and the process is repeated. 


A consideration in testing and using the model is the selection of 
the initial values of the endogenous variables needed to start it oper- 
ating. For example, starting with the actual values for 1947 generates 
a different sequence of model predictions than starting with 1948 values. 
If we happen to select a starting year with highly unusual values of some 
of the endogenous variables, the model predictions may deviate more from 
actual values, at least during the early periods, than they would if the 
initial values had been closer to their expected magnitudes. Test runs 
were made with initial inputs for several alternative years. All produced 
outputs that moved with the general pattern of actual values. The closest 
approximation was obtained by using average values for the period 1947- 
1949 and 1948-1950 as initial inputs. 
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Model predictions of seven key variables, generated using average 
1947-1949, 1948-1950 average values as initial inputs, are compared with 
actual values in Figures 17 and 18. Comparisons for the other nine endog- 
enous variables of the system are similar. In general, the predicted values 
show the same overall trend pattern as the actual values. The predictions 
show less year-to-year variation since the disturbance terms are set at 
zero in the model. Since the model uses past predicted values of endog- 
enous variables to make further predictions and suppresses the unexplained 
year-to-year disturbances, its output may at times cycle above and below 
the actual values. This is to be expected. The important thing is that 
the predictions do not drift away--the directions and levels of change 


1/ 


are similar.— 


It appears that the model is able to generate meaningful results and 
we shall now proceed to use it to perform experiments which may provide 
insight into the potential effects of alternative marketing policies, tech- 


nological developments, and changes in demand and competing production. 


Simulation Experiments 


Many questions may be asked of a model such as we have developed and 
answers obtained which may be useful in making future plans and shaping 
marketing policies. We have selected several types that seem particularly 
pertinent for these purposes. They are grouped into four kinds of experi- 
ments pertaining to (1) effects of changes in demand, (2) effect of changes 
in competing supplies, (3) effects of changes in technology, and (4) effects 
of changes in marketing policy. 


The manner of asking questions of the model bears importantly on the 
answers obtained. For example, if we wish to assess the impact of a reduc- 
tion in costs we must specify not only how much, but at what rate the cost 


change will occur. Generally, our projections involve gradual, rather than 


1/ Note that the model may also be used to make single-year predictions 
(one period change) by feeding in the actual, rather than predicted previous 
period values of endogenous variables. These predictions do not cycle and 
may be much closer during periods of wide fluctuations. However, they do 
not test the ability of the model to generate meaningful cumulative series 
of projections over future periods. 
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Simulation Model Predictions Compared with Actual Values of 
California Acreage, Fresh Market Sales and Frozen 
Pack, 1950-1967 
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Simulation Model Predictions Compared with Actual Values of U.S. 
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precipitous changes, although the impacts of larger or faster acting shocks 
or changes could be evaluated readily. To experiment with the model we 
start it operating with an initial input of actual 1967 and 1968 values of 
endogenous and exogenous variables. Alternative projections or situations 
concerning the exogenous variables then are imposed and the model permitted 


to generate values of the endogenous variables to 1990. 


The initial experiments with the model uncovered a serious problem. 
As some of the exogenous variables were projected beyond the range ob- 
served during 1947-1967, the grower prices in fresh and frozen markets 
tended eventually to diverge and, in some cases, to produce negative (and 
therefore explosive) quantities in the fresh market. To counter this dif- 
ficulty, we imposed the following restrictions on the values which grower 


prices could assume. 
(1) P26 


gpc ~ gc° 
must not fall below the cost of production. While prices might fall below 


This specifies that the grower price for processing 


costs in particular years, in the long run quantities would be held to a 


1/ 


level that would at least equate price with cost .— 


s = G + 1.0. By a similar argument this specifies that the 


g 
fresh market price must be at least as great as the cost of production plus 


one cent. The added cent is to allow for added packaging cost involved in 


the fresh market. 


SP + 2.0. This restriction prevents the fresh market 
gfc gpc 
price from exceeding the grower frozen market price by more than two cents. 


This is in line with observed average relationships. Persistent differences 


greater than this amount could be expected to result in some adjustment of 


2/ 


allocations between the two markets .— 


af We also experimented with restrictions which would permit prices to 
drop below costs for no more than two successive periods. If this happened, 
production levels were adjusted in the next period so as to bring prices 
back in line with costs. The overall trends in projections were much the 
same as obtained without this embellishment. 


2/ Another variation specified that freezer and grower prices could 
not differ by more than three cents, rather than two. This change had 
little effect on the values of the major variables generated by the model. 
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Violations of these restrictions are viewed as occurring because of a 
failure of the supply component of the model to adjust fully or quickly 
enough to changing market conditions. Whenever one of the restrictions is 
violated, quantities allocated to the freezing and fresh markets and Cali- 
fornia acreage are recomputed so as to give prices that meet the imposed 
restrictions. With these reasonable constraints, the model projections 
remain within proper bounds and enable us to focus on the long-run trends 


suggested by the various experiments. 


The Base Model 


Because of the many combinations of changes in exogenous variables that 
might be considered we shall designate a particular combination of projec- 
tions of these variables as the "base model." The simulation experiments 
compare the values of endogenous variables, such as acreage, generated by 
the base model with values obtained by changing the projection of a single 
exogenous variable such as production cost. The following projections of 


the exogenous variables define the base model. 


a. (Population). U.S. Bureau of the Census Projection Series C 
from Population Estimates, No. 388, March 1968. (Two-year 
averages used to convert to approximate crop year basis--see 


Table 9.) 


2. F (Index of per capita food expenditures). Based on 1958-1967 


average rate of increase. F. = F.-1 + 3.20. 


<p 4 (Index of food expenditures multiplied by proportion of homes 
with refrigerators (R)). R assumed constant at .996. This 
gives Y. = Yel + 3.19. 


4. X_ (U.S. per capita vegetable consumption). Projected by 1958- 


1967 least squares trend. X + 0.496 where X 


vt” *vt-1 v1967 7 
147.58. 
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TABLE 9 


Base Model Projections of Exogenous Variabies®’ 





a/ Other exogenous variables held constant at the following levels: B, = 
-012 (million pounds per acre), L. = 1,0), Qe, = 2.34. Y is almost 
identical with F (Y = .996F). 
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5. at (Cost of processing). Projected to increase at the rate of 
one percent per year. This is roughly the average rate of 
increase in the Wholesale Price Index during the past 10 


years. Ook = 1.01 Cict-1" 


6. Coc (Grower cost). Projected to increase at the rate of two 
percent per year--roughly the average rate of increase in 
the Index of Prices Paid by Farmers, 1958-1957. C = 


get 
1.02 Ceet=1" 


7. B. (Average California yields. Held at the 1964-1968 average 
of 11,600 pounds per acre. 


8. L. (Shift variable associated with the Brussels Sprouts Marketing 
Program). Held at 1.0. 


9. Qe (Fresh market production in regions other than California). 
Held at 1963-1967 average level of 2.34 million pounds. 


10. 0 (Frozen pack in regions other than California). Projected at 


1958-1967 average growth rate. Q = Q +05.729. 


pot pot-l 


In addition to the above, the acreage trend value of 110.15 obtained 
in the equation fitted to 1947-1967 data (Equation 1A) has been deleted for 
projection purposes. There seems little reason to assume that such a yearly 


increase will continue without reference to price or cost conditions. 


Base model values of exogenous variables not specified to be constant 
are summarized in Table 9. The projections tend to reflect current trends 
in most exogenous variables. However, the specific levels of projections 
are less important than the comparative values generated by alternative 


projection models. 


Projections of endogenous variables generated by the base model are 
represented by the heavy solid lines in Figure 19 (A, B, C, D) and are 
repeated again in Figures 20 (A, B, C, D), 21 (A, B, C, D), and 22 (A, B, 
C, D). The values plotted for 1968 are actual values. Values plotted for 
all remaining years, including 1969, are predictions of the model for the 
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conditions specified. The specific values of the base model projections 
for 1970, 1980, and 1990 are also given in a summary table (Table 10) 
which appears at the end of this section of the report. The table also 
shows the deviations from base model projections for each of the several 
simulation experiments. 


The base model suggests that average levels of California acreage (A,) 
may increase slightly until the early 1970's, then remain fairly stable 
until about 1980 and then decline gradually during the next decade. If our 
yield projection had been slightly lower, as might occur with once-over 
machine harvest, the level of acreage would be slightly higher, but the 
general trend would be about the same. 


Base model projections of California production suggest a slight de- 
crease in fresh market production (Q,.) and some increase in frozen production 
(Q0) during the 1970's. These trends are reversed in the 1980's. Total 
California production (Q, in Figure 19-C) shows the same pattern as acreage. 
California's share of the fresh market remains high and fairly stable while 
the share of frozen pack declines from 84 to 63 percent (Figure 19-C). 


Figure 19-B shows the base model projections of grower and processor 
prices moving generally upward. In both cases, but particularly for growers, 
the price CP.) barely manages to keep ahead of unit cost. This, of course, 
is to be expected in the long run under conditions of strong competition and 
relatively easy entry into the industry. 


United States per capita disappearance of fresh market sprouts &-) 
declines gradually until about 1980 and then levels off. Per capita 
disappearance of frozen sprouts % >? increases until about 1975 and then 
moves downward for the remainder of the period. Note, however, that total 
United States production of frozen sprouts eas in Figure 19-D) continues 


to increase, but at a decreasing rate. 


Effects of Changes in Demand 


The first experiment is to see how acreage, production, prices, and 
market shares are affected by changes in demand. Two types of demand changes 
were investigated. First, starting in 1970, we allowed the competing products 
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Simulation Experiment I. Projections of California 
Acreage, Fresh Market Production, and Frozen Pack 
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Simulation Experiment I. Projections of Average California 
Grower Price, F.0.B. Freezer Price, and Per Capita 
Disappearance of Fresh and Frozen Brussels Sprouts 
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Simulation Experiment I. Projections of Total California 
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Simulation Experiment I. Projections of U.S. 
Brussels Sprouts Production for Fresh Market 
and Total Frozen Pack 
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variable (%) to increase at one-half the rate specified in the base 
model. Thus, Xe = Xe + 0.248. This allows the level of demand for 
Brussels sprouts to remain considerably higher than for the base model. 
Projecting competing products in this manner also serves as a proxy for 
other factors which might have a similar impact on demand. We shall refer 


to this as Model I-A. 


The second demand change projected was to increase the index of U.S. 
per capita food expenditures (F) by 2 percentage points per year, rather 
than 3.2 as in the base model. All other variables remain as specified 
in the base model. This leads to a reduced level of demand. It would be 
equivalent, alternatively, to the original food expenditure projection, 
but with a decline in the coefficient of F. We shall refer to this as 
Model I-B. 


Projections obtained with these two demand variations are compared 


with base model values in Figure 19 .2/ 


As might be expected, acreage and 
production tend to be higher for I-A, the higher demand, and lower for I-B. 
Several points seen particularly worthy of note. First, the level of 

fresh market production is not greatly influenced by these changes in de- 
mand. In fact, the lower level of demand leads to a slight increase in 
fresh market production as the frozen pack is adjusted downward more 


quickly than acreage. 


Second, under competitive conditions, the price received by growers 
is not greatly affected, cost being the main long-run determinant. With 
increasing demand, however, grower prices tend to run slightly on the high 
side of the base model projection during the first decade (although not 
evident in the scale of the diagram). For relative decreases in demand as 
in I-B the grower price is slightly below the base model value during 
the first decade and then becomes about the same. The deviations shown in 
Table 10 do not bring this out clearly since P ec is an average of the 
fresh and processed price, which is affected by the proportions allocated 


1/ Other variations were also run through the computer--for example, 
the lower projection of competing products, as in I-A, coupled with the 
lower projection of per capita food expenditures as in I-B. Since the 
latter tend to be offsetting, the results were similar to the base model. 
The two cases illustrated bring out the major points of concern. 
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to the two outlets. The price impact is somewhat greater for the prices 


1/ 


received by freezers ce 


A third point pertains to the impact on the California share of the 
frozen market. The relatively lower demand of I-B leads not only to a 
reduced frozen pack in California but to a further decline in its share 
of total U.S. production. With reduced demand it is possible, of course, 
that the upward trend in other region production would be reduced. This 
would tend to shift the I-B curves back a bit toward the base model. 


Our comparative projections are possibly somewhat extreme. Inter- 
mediate projections of demand levels would produce changes intermediate 
between those shown and the base model. The experiment suggests, however, 
that the continued existence of the frozen Brussels sprouts industry on a 
significant level in California may be quite sensitive to changes in the 
level of demand for the product. Continuation of past trends in competing 
products, coupled with lessened effects of income changes, could produce 


rather large changes in production. 


Effects of Changes in Competing Supplies 


The earlier discussion of changes in the Brussels sprouts economy 
noted the increasing production of frozen sprouts in regions other than 
California. The base model continues the trend in other region production 
as observed during the period 1958-1967. This experiment investigates 
the effects on California production and returns of alternative rates 
of growth of production in other regions. In this case we include in 
"other regions" imports from Mexico or elsewhere, as well as United States 


production. 


1/ In actual practice, some of the price decrease experienced by pro- 
cessors under I-B might be passed back to producers. This does not happen 
in these projections since we have restricted the long-run grower price to 
be at least equal to our measure of growing cost. A floor could have been 
imposed on the freezer price as well, thus keeping both freezer and grower 
prices more closely in line with costs. With this restriction, frozen sales 
would have been reduced and freezer raw product demand lowered by the loss 
of sales and the added pressure of larger inventories. An administered 
price system which would impose such restrictions conceivably could be less 
painful to the industry during periods of decreasing demand than a free 
supply response to market experience. Similar comments apply to Experiments 
IV-A and IV-B to be discussed. 
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Projections for three situations are illustrated in Figure 20. Model 
II-A represents a low competitive case. It projects other region frozen 
pack to remain constant at seven million pounds per year. All other vari- 
ables are as in the base model. This is the most favorable situation for 
California that seems at all possible. As might be expected, it leads to 
substantial increases in California acreage and frozen pack. It also re- 
sults in a small increase in the level of California freezer prices rela- 
tive to the base model. There is relatively little impact on the trend 
value of grower prices. The latter tend to converge toward and ultimately 
to be determined primarily by cost considerations. With reduced competition, 
however, there is less downward pressure on California grower prices and 


they remain slightly above the base model values. 


Note that with Model II-A California fresh market production shows 
little change relative to the base model, nor does total U.S. frozen 
pack. California's share of the U.S. frozen pack remains high at 86 to 
89 percent compared with a drop to 63 percent for the base model. 


A variation of II-A, not illustrated maintained the ratio of other 
region to California frozen pack at the 1968 level of .192. This con- 
dition results in other region frozen pack increasing to 10 million 
pounds by 1990 (as compared to 7 million for II-A), with correspondingly 
lower California pack and acreage. The results are in other respects simi- 
lar to II-A. 


Model II-B shows what might happen if other region production or im- 
ports increased at a rate one-half million pounds higher than for the base 
model. The projection of Q0 then would be: 


Qrot = Ypot-1 + 2+229- 


The effect of such an increase, if continued over the full interval, would 
be to drop California acreage to about 4,200 acres and California frozen 
pack to about 28.5 million pounds (Figure 20-A). California's share of fro- 
zen pack drops to 46 percent. Other variables, including U.S. production, 
show little relative change. 
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Simulation Experiment II. Projections of California 
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Simulation Experiment II. Projections of U.S. 
Brussels Sprouts Production for Fresh Market 
and Total Frozen Pack 
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A variation of II-B (not illustrated), added 2 million pounds of other 
region pack (rather than 0.5) for 5 years starting in 1970, then stopped 
except for the base model trend. The effect was to speed up the changes 
illustrated by II-B, but with the final long-run adjustment in 1990 simi- 
lar to II-B. 


The final situation considered in Experiment II pertains to the fresh 
market component of production. There has been no clear trend in other 
region production of Brussels sprouts for fresh market, and fresh imports 
from Mexico occur primarily during the period when there is little U.S. 
production. Therefore, the base model held other region fresh market 
production constant at the 1963-1967 average level of 2.34 million pounds. 
It is possible, of course, that fresh production in other U.S. regions or 
directly competing imports could increase. To investigate the potential 
impact of such a change we arbitrarily let "other region" fresh production 
increase annually by an amount equal to ten percent of the base model 


initial value. That is, 


Geo’ Seoena, F 9-254 
where Qe, = 2.34 in 1967. All other exogenous variables are projected as 
in the base model. The effects of this increase are illustrated by lines 
II-C in Figure 20. 
The main result is that California acreage decreases by about 9 per- 
cent relative to the base model and California production for fresh market 
is reduced nearly one-third by 1990. California's share of the fresh 
market drops to about 60 percent, compared with 87 percent in the base model. 


The other economic variables in the system are largely unaffected. 


Effects of Changes in Technology 


Our third experiment investigates the potential impact of changes in 
cultural practices, harvesting methods, and processing techniques which 
could possibly reduce costs to lower levels than projected in the base 


model, Three basic situations were considered, each with some variations. 
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Model III-A assumes a rate of technological development in production 
and harvesting which reduces costs by one percent per year relative to 
the base model. That is, 
© one = (99) (1-02)C, oy = 1.01 Cott 
The net result is that costs still increase because of inflationary pres- 
sures, but at one percent per year rather than two percent as in the base 
model. Figure 21 shows that under these conditions California acreage 
and total Brussels sprouts production gradually increase above the base 
model projection, achieving a level about 20 percent higher by 1990. 
Since prices are heavily influenced by costs, both the average grower price 
and the processor price fall below the base model projection. With the 
reduced rate of cost increase, average returns to both growers and pro- 


cessors remain slightly more favorable than in the base model. 


The lower prices realized with Model III-A lead to increased per capita 
consumption of both fresh and frozen sprouts, relative to the base model. 
California's market shares are also maintained at a higher level, although 


the deviation from the base model is not large. 


Two variations of III-A, not illustrated, permitted increases in yield 
per acre of 100 and 200 pounds per year. The main effect was to reduce 
the level of acreage by up to 12 percent in the first case and up to 26 
percent in the second relative to III-A. In both cases total California 
production rose only slightly above the III-A level. Quantities allocated 
to the fresh market were increased about 13 percent and frozen pack reduced 
a little less than 4 percent relative to III-A by the end of the period. 


Model III-B restores the grower cost projection to the base model 
level and permits the processing cost to increase at a relatively lower 
oe © otal + 0.08. This was the aver- 
age rate of change in our measure of processing cost during the interval 


rate. It was arbitrarily set a c. 


1961-1967 and is approximately one-half the rate of increase projected 
for the base model. This model also results in an increase in acreage 


relative to the base model, but since the magnitude of the relative cost 
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Projections of Average California 
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Simulation Experiment III. Projections of U.S. 
Brussels Sprouts Production for Fresh Market 
and Total Frozen Pack 
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reduction is less than for III-A, the acreage increase is also less (Figure 
21-A). Note that in this case while total California production increases, 
the quantity allocated to the fresh market actually decreases. This is due 
to the relative increase in freezer demand for the raw product as a result 
of the relatively lower processing cost. The f.o.b. freezer price declines 
relative to the base model, while the grower price remains about the same. 


Market shares also differ little from the base model. 


Model III-C combines the conditions projected in III-A and III-B. 
The effect is to increase California acreage by roughly the sum of the 
III-A and III-B increases, to raise fresh market production only slightly 
(compared with the base model), to greatly increase California frozen pack, 
to reduce prices (but not grower and freezer returns), to increase U.S. per 
capita frozen consumption, and to raise California's share of frozen pack 
somewhat above the base model value. These projections assume that other 
region production remains as specified in the base model. If other regions 
also experienced improvements in technology they might absorb some of the 


increases projected in Figure 21. 


Effects of Changes in Marketing Policy 


The last experiment inquires into the potential effects of alternative 
policies associated with the administration of the Marketing Program for 
Brussels Sprouts for Freezing. Two basic policy situations are considered: 
termination of the marketing program and increasing the restrictiveness 
of the program. The effects of each policy are examined for two alter- 
native assumptions concerning the growth of frozen Brussels sprouts pro- 


duction in other regions. 


Model IV-A drops the marketing program completely, with all other 
variables projected as in the base model. To accomplish this, the shift 
variable L is simply set at zero. This is the variable that was introduced 
to allow for a more restrictive attitude starting in 1958 as a result of 
the marketing order program. Setting it at zero assumes that grower al- 
location behavior would revert to the premarketing program situation. The 
effect is to shift the frozen pack prediction equation upward by about 12.5 
percent--see Equation (20). The effects on production, acreage, and price 


projections are illustrated by lines IV-A in Figure 22. 
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FIGURE 22-A 


Simulation Experiment IV. Projections of California 
Acreage, Fresh Market Production, and Frozen Pack 
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FIGURE 22-B 
Simulation Experiment IV. Projections of Average California 


Grower Price, F.0.B. Freezer Price, and Per Capita 
Disappearance of Fresh and Frozen Brussels Sprouts 
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Calif. share of U.S. fresh sales 


IV-A about same as base model, 
IV-D about same as IV-C to 1971, 
slightly above thereafter 
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FIGURE 22-C 


Simulation Experiment IV. Projections of Total California 
Brussels Sprouts Production and California's Share 
of U.S. Fresh and Frozen Market Production 
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U.S. fresh production, ae 


Million pounds 
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Million pounds -- frozen weight 


IV-D slightly above IV-C 
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FIGURE 22-D 


Simulation Experiment IV. Projections of U.S. 
Brussels Sprouts Production for Fresh Market 
and Total Frozen Pack 
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The immediate effect of dropping the marketing order program is an 
increase in frozen market production, a decrease in fresh market production, 
and decreases in both grower and freezer average prices relative to the 
base model. Following the initial shock, acreage and frozen pack are grad- 
ually adjusted toward the base model values and prices eventually approach 
the base model levels. Average profit levels for both the growers and pro- 
cessors are slightly below the base model projections, although the long-run 
difference is minor. The situation is a familiar one, illustrating the short- 
run problems that may be associated with abrupt termination of established 
control programs, even though the long-run impact may be small. Changes in 
the structure of competition among freezers could, of course, alter the demand 
for raw product and modify the projected pressure on freezer profit margins. 
This, however, would involve a change in the "rules of the game" under which 
our projections were made and therefore, does not invalidate the basic con- 


clusions, which are conditional in nature. 


With the termination of the marketing order program and increased 
California production, Brussels sprouts production might prove less 
attractive in other regions. To explore effects of such a situation we 
have recomputed the IV-A projections with other region production held 
at the level of seven million pounds (as in II-A). The results are 
illustrated by lines IV-B in Figure 22. 


Such a reduction in competing production is perhaps somewhat extreme 
to attribute to the termination of the marketing order program, and IV-B 
might more properly be compared to II-A than with the base model. In 
either case, the principal effect is to greatly increase the acreage and 
production in California and eventually to reduce the pressure on prices 
and profit margins compared with IV-A. While total U.S. production is only 
slightly increased, California's share of this production remains quite high, 
approaching 89 percent. Although this situation seems much more favorable 
than IV-A, the favor rests mainly on the assumption of no increase in other 


region production--an assumption which could prove to be very unrealistic. 


The alternative marketing policy considered is to make the program 
more restrictive than it has been. To explore this aspect we arbitrarily 
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set the value of the shift variable L at 2, with all other variables 
projected as in the base model. This, in effect, doubles the restrictive- 
ness and lowers the level of the frozen pack predicting equation (Equation 
20) by about 12.5 percent. Projections based on this assumption are illus- 
trated by lines IV-C in Figure 22. 


Model IV-C leads to an initial reduction in California's acreage and 
frozen pack, an increase in production allocated to the fresh market, and 
higher grower and freezer prices, relative to the base model. California's 
share of the frozen pack decreases slightly and the fresh market share shows 
a small increase. As the 1990 horizon approaches, the values of these vari- 


ables tend to approach the base model values. 


An important factor to be considered in applying a more restrictive 
policy is the possibility that the associated higher prices and reduced 
supplies will stimulate increased production in other regions. If we had 
been able to estimate supply response equations for other regions the 
result could have been generated directly in the IV-C Model. Since we 
could not, we have explored the possibility of increased competition from 
other regions by increasing such production by one-half million pounds per 
year over the base model, as in II-B. The resulting projections are illus- 


trated by lines IV-D in Figure 22. 


The effect of IV-D is to reduce greatly the California acreage and 
allocation to freezing and to increase the allocation to the fresh market 
slightly over IV-C. Both grower and processor prices still remain above 
the base model values, although not as high as for IV-C. However, Cali- 
fornia growers pay a substantial price for their higher unit returns since 
their share of frozen pack drops to only about 44 percent by 1990, with 
only about 4,100 acres left in production. 


The entire set of simulation experiments is presented in summary form 
in Table 10. The top line of the table gives the specific values of the 


base model projections of each of the key endogenous variables for 1970, 
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TABLE 10 


Summary of the Simulation Experiments 











California fresh sales (Q. ) California frozen pack (Q_) 
fc pe 


1970 [1980 J 1990 {1970 _—i«|_—=1980 1990 1970 


acres million pounds million pounds 
42.1 







Experimental model 









14.3 43.9 





13.8 





5,666 





Base model 


Experiment I (Change in Demand) 
I-A: Low X, (increased demand) 


I-B: Low F (reduced demand) 


Experiment II (Change in Competing Supplies 
TI-A: Reduced competition, frozen 

Increased competition, frozen 

Increased competition, fresh 


Experiment III (Change in Technology) 


III-A: Improved production technology 

III-B: Improved processing technology 

III-C: Both production and processing 
technology improved 


Experiment IV (Change in Market Policy) 














IV-A: Market order terminated 227 149 128 0.2 0.2 0.4 2.1 1.7 1.6 
IV-B: Market order terminated and 337 953 1,677 0.3 0.7 1.8 3.1 9.9 18.2 
low competition 
Iv-C: Increased restrictions - 102 - 478 - 143 4.2 0.9 - 1.3 - 4.6 - 5.5 - 0.3 
IV-D: Increased restrictions and - 174 - 900 ~1,167 4.0 2.6 0.2 - 5-1 -1l.1 -11.7 
increased competition 
Values of endogenous vatisbles®! 
U.S. fresh market U.S. frozen Average California 
sales Qe4) pack (Q. ) grower price (P_) 





pus 
1990 1970 1980 





Experimental model 










Base model 





Deviations from base model 


Experiment I (Change in Demand) 
0.1 0.2 - 0.5 0 4.1 10.3 te) 0 


I-A: Low xX, (increased demand) 
I-B: Low F (reduced demand) - 0.2 2.0 1.6 - 0.8 -11.5 -17.8 


Experiment II (Change in Competing Supplies) 


II-A: Reduced competition, frozen oO. 
II-B: Increased competition, frozen - 0. 
II-C: Increased competition, fresh to) 


Experiment III (Change in Technolo; 
III-A: Improved production technology 0.1 1.2 2 
III-B: Improved processing technology - 0.1 - 1.0 -1 
III-C: Both production and processing 0 0.5 0 

technology improved 


Experiment IV (Change in Market Policy) 


IV-A: Market order terminated 0. 
IV-B: Market order terminated and 0. 
4 
4 





° 
1 
° 
ray 





low competition 
Iv-C: Increased restrictions 
IV-D: Increased restrictions and 




















(Continued on next page.) 
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Table 10 continued. 


Experimental model 
Base model 
Experiment I (Change in Demand) 
I-A: Low X (increased id) 
I-B: Low F (reduced demand) 
Experiment II (Change in Competing Supplies) 


II-A: Reduced competition, frozen 
II-B: Increased competition, frozen 
II-C: Increased competition, fresh 


Experiment ILI (Change in Technology) 


III-A: Improved production technology 

III-B: Improved processing technology 

IlI-C: Both production and processing 
technology improved 


Experiment IV (Change in Market Policy) 


IV-A: Market order terminated 
IV-B: Market order terminated and 
j low competition 
| Iv-C: Increased restrictions 
. IV-D: Increased restrictions and 


increased competition 


i Experimental model 


| Base model 
| 


Experiment I (Change in Demand) 
I-A: Low X (increased demand) 


| 
! 
| I-B: Low F (reduced demand) 
| 
| 


Experiment II (Change in Competing Supplies) 


II-A: Reduced competition, frozen 
II-B: Increased competition, frozen 
II-C: Increased competition, fresh 


Bxperipent Ill (Change in Technology) 
-A: Improved production technology 
| III-B: Improved processing technology 


III-C: Both production and processing 
| technology improved 


Experiment IV (Change in Market Policy) 
V-A: Market order terminated 


IV-B: Market order terminated and 
low competition 

Iv-C: Increased restrictions 

Iv-D: Increased restrictions and 


increased competition 


a/ For reference purposes, the actual 1968 values of these variables were as follows: 






















Values 


of endo ab. 
Total California California share of U.S. 
production (Q.) 


sales (Qe, + Qeyg? 100 


1970) 4980. J 39901 [4970] ao | 1990 | 970) 
million pounds inn 


[eae ee peecenty ee 
ae oe wl = 6 a ee 


Deviations from base model 





resh 


1980 








0.1 5.1 11.4 0 i) = 5 0 1 5 
= LL -11.4 19.4 =1 2 1 te) sh -16 
1.0 9.4 17.8 i) i) = 2 3 14 26 
«O17 - 6.9 12.1 0 iz i) = all -17 
- 0.4 - 2.4 5.2 = -15 =2? te) ht i) 
0.2 4.8 11.5 0 1 2 te) z 4 
0.2 2.5 5.4 i) <1 =1 0 1 3 
0.4 7.5 17.9 0 0 1 0 2 7 
2.6 1.8 1.4 te) i) 0 1 te) 1 
3.9 11.1 19.4 0 0 = 3 15 26 
= 1.2 - 5.5 - 1.7 3 1 0 ad =3 =i 
- 2:0 -10.4 13.6 2 2 1 =3 -14 =19 


Values of endogenous 
U.S. per capi’ 





California f.o.b. pro- U.S. per capita sales, 





cessor price (P _) fresh (X¢) frozen (X,_) 
1970___]__ 1980___—_ [= 3990-—_ [__71970.__[- 1980" ___[_3990:_"|—" 970] "1980: 1990 
cents per pound i peunig | pounds 
33.9 36.7 42.3 078 +070 +068 +236 +251 +226 
Deviations from base model = 
Deviation ftom bane model a ee 
i ; 
0.2 0.6 0.7 +001 +001 ae t) +016 037, 
- 0.7 - 1.3 - 1.9 -.001 009 006 -.002 -.047 -.065 
0.3 0.3 0.3 0 -.001 -.005 -.003 --002 002 
- 0.1 - 0.2 - 0.3 0 +005, -.001 +002 -.001 003 
0 - 0.1 0 0 003 0 0) -.002 0 
1 © - 1.4 - 3.7 +001 006 008 0 012 +029 
0 - 0.7 - 1.9 0 -.004 -.006 +001 +012 +022 
- 0.1 - 2.1 - 5.5 0 003 +002 +001 +023 0540 
+001 -.001 -.001 +010 007 006 
+001 -.002 -. 007 +006 -008 
+020 +004 --004 “-,021 -.024 -.002 
-.019 -.022 -.003 








pe = 32.3, 


A, = 5,600, Qe = 15.1, Ge = 36.4, Poo = 12.2, P 
Xue = .083, Xp = .236, q.* 56.0, (Qe. = Qe.) 100 = 89.4, Qe + Qu) 100 = 83.3, Gs” 16.9, Que = 43.4, 








109, 


1980, and 1990. The remaining figures show the deviations of each of the 
experimental situations from the base model values. 


The base model approach was adopted because of the infinite number 
of situations which conceivably could be considered. This procedure 
permits us to vary one thing at a time and assess its relative impact. 
Situations which would vary two or three things at a time could also be 
of interest. For example, we might ask what happens if we combine reduced 
demand with improved technology and a more restrictive marketing policy. 
Although the results of varying single variables are not directly additive, 
rough indications of combined effects of several changes may be obtained 
by comparing and combining projections among the several experiments. 
This is accomplished rather easily with reference to Table 10. For example, 
increased demand as in I-A coupled with improved production technology as 
in III-A could lead to an increase of roughly 800 acres in California by 
1980 and 1,800-2,000 by 1990. On the other hand, the reduced demand 
assumed by I-B coupled with increased frozen competition as in II-B could 


cut the California acreage in half over the next two decades. 


As suggested by Table 10, the specific levels of the projections are 
less important than their comparative values. The differences could remain 
about the same for a range of future values of some of the exogenous vari- 
ables. For example, different assumptions concerning environmental factors 
such as population growth and rates of inflation would affect the levels 
of all projections in roughly the same manner, so the major conclusions 


or inference from the experiments would not be significantly changed. 


The restrictions and specific conditions pertaining to these projections 
should be clearly noted. They abstract from the substantial year-to-year 
fluctations in demand and supply response which are not accounted for by 
the mathematical model. The projections thus are in the form of average 
or expected values, with actual annual prices and production fluctuating 
around the projected figures. Prices in some years could fall below costs, 
although on the average they would not. The projections also are valid 
only for the type of industry behavior patterns which existed during the 


period used to derive the quantitative estimates of the simulation model. 
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If substantial changes were to occur in the ways in which growers and 
processors respond to price, cost, and profit experience, the model 
predictions would lose much of their validity, since the coefficients 
of the equations would be different 2! 


Although these restrictions and conditions must be kept in view 
we believe that the simulation experiments provide useful insights 
into the future of the Brussels sprouts industry in California. Some 
of the situations explored in the experiments, such as the effects of 
different market policies, are subject to direct industry control. 

The results of the analysis thus may be useful in policy formation. 
Other situations, such as changes in the level of demand, are largely 
uncontrollable, but the effects need to be considered in forward plan- 


ning by both growers and processors. 
REVENUE EFFECTS OF SIZE VARIATION IN FROZEN BRUSSELS SPROUTS 


The price data discussed in the first part of the report showed that 
prices of frozen Brussels sprouts decreased with increased sprout size, 
apparently reflecting some buyer preference for the small sizes. The 
allocation of individual sprouts among size categories is determined 
mainly by natural growth processes. However, the distribution may be 
altered somewhat by changes in harvesting and cultural practices and the 
development of new varieties. Changes in size distribution, planned, or 
otherwise, may affect the differences in prices among size classes. This, 


in turn, may alter the revenue received from a given quantity of sprouts. 


1/ Although a change in any of the model coefficients would affect the 
values of the experimental projections, some changes seem likely to affect 
mainly the general level without greatly altering the long-run comparative 
values of the projections. For example, a drop in the freezer inventory 
carryover coefficient (A) because of high interest rates would lead to an 
immediate reduction of freezer raw product demand. As soon as inventory 
levels were adjusted to the new lower value, the basic demand values would, 
with other things constant, return to approximately the previous level. 
This type of change would affect all of the experimental projections so the 
comparative values probably would remain roughly the same. 
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To analyze the potential revenue effects of size variation we first 
explore the nature of demand among individual sprout size categories. 
From this analysis we develop an equation which expresses gross revenue 
as a function of quantities in each size class. This is used to evaluate 
the gross effects of changes in size distribution. Crude estimates of mar- 
ginal costs of shifting the size distribution are then subtracted to ob- 


tain an indication of potential effects on net revenue to the industry. 


Estimation of Demand by Size and Container Class 


Prediction of changes in gross revenue associated with changes in 
sprout size distribution requires a set of equations which relate prices 
in each size and container class to quantities in all size-container 
classes. Estimation of the parameters of such equations requires contin- 
uous series of data pertaining to prices and quantities in each class, 
data which for the most part have never been published in any form. As 
indicated in the first section of the report, we were able to develop 
list price series by size groups for institutional size containers, but 
similar data are not available for retail containers and no information 
is published pertaining to quantities packed by size group. Therefore, 
it was necessary to acquire data directly from the records of processing 
firms in the industry. 


Monthly sales and price data by size class were compiled from records 


ay 


of freezers covering the years 1961 and 1962. These firms sold over 65 


percent of all sprouts marketed during these two years and the data are 
believed to be representative of total industry experience. Data covering 
additional periods would have been desirable but lack of complete histor- 
ical records in the firms surveyed plus the sheer physical difficulties 


1/ This phase of the analysis was initiated in the early 1960's at the 
request of the members of the Brussels Sprouts Marketing Program. The survey 
of processors was completed in 1963 and preliminary analysis finished shortly 
thereafter. However, because of diverting assignments, the final phases 
were not completed until much later. A very limited amount of data has been 
obtained for more recent years and serves as a basis for checking the pre- 
vious results. 
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involved in the compilations required that the survey be limited to a two- 
year period. The 24 monthly observations on prices and sales for three 
sprout size classes and two container classes are summarized in Appendix 
Table A-17. 


The basic model to be estimated expresses the average monthly price 
in each size and container category as a linear function of the monthly 
quantity sold in each category ~/ In view of the relatively short period 
involved, the annual values of competing products and income included in 
the previous demand analysis were omitted. Quantities were expressed in 
total rather than per capita terms. Monthly carlot unloads of fresh Brus- 
sels sprouts in 41 U.S. cities were included as a variable to allow for 
both seasonal shifts and the competitive effects of the fresh commodity =! 
Initial regression estimates suggested the presence of a trend in some 
equations, possibly due to the omission of income and other competing 
products. Thus, a time trend also was added. Since there are six size- 


container classes, we have six equations each of the form: 


M22) Pee Bag * Ogg Gee * Dae Cine * Byy Gon, + bia Ure + ys Qe 


+ Pig Use + Pg7 Wwe + Pggl + Vy, 


where 


Q is quantity in 1,000 pounds; 

R refers to retail size containers; 

I refers to institutional size containers; 

L, M, S are large, medium, and small; 

P is average price (cents per pound); 

Q® is monthly carlot unloads of fresh Brussels sprouts in 41 U.S. 
cities; 


1/ Nonlinear forms are of course, equally possible. With many variables 
and cross-relationships, it is difficult to determine the nature of existing 
curvilinearity and to estimate any except the simple log form. Preliminary 
graphic explorations suggested that linear estimates would provide reason- 
able approximations within the range of the data. 


2/ See Appendix Table A-8 for data on carlot unloads. 
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T is a time trend, varying from 1 to 24; 

i=1, 2, .. . 6, indicated a particular size-container category 
(e.g., Pit = Pout)? 

t=1, 2, .. . 24, indicates the number of the monthly observation; 
and 


v is an unexplained disturbance. 


The choice of statistical procedure to use in estimating the para- 
meters of this equation system involved both theoretical and empirical 
considerations. Since we are dealing with monthly observations our 
initial approach was to view the demand equations as part of a simul- 
taneous system. That is, monthly quantities sold were regarded as deter- 
mined simultaneously with monthly prices. This view required that we 
specify short-run supply equations and then estimate the parameters of 


the entire demand-supply system by simultaneous equations procedures. 


Supply equations were formulated in which the monthly quantities of 
sprouts marketed, by size class, were expressed as linear functions of 
prices, and beginning monthly inventory levels in each size class. The 
latter were adjusted for normal seasonal variation. Beginning inven- 
tories were viewed as predetermined variables, thus producing a system in 


which the coefficients of the demand equations were identified. 


The parameters of this system of equations were estimated by two- 
stage least squares. The results were quite unsatisfactory, both by 
usual statistical criteria and in terms of the expected signs and magni- 
tudes of the equation coefficients. This may have been due in substantial 
part to the very poor quality of our data si eens to monthly quantities 
1 


of each size category held in cold storage.— Im any case, it was neces- 


sary to abandon this procedure and turn to other methods of estimation. 


Our second approach was to apply ordinary least squares directly to 


the estimation of the parameters of each structural equation. This method 


1/ Published data on monthly cold storage holdings do not indicate the 
quantities held in each size category. These values were estimated on the 
basis of total stocks and the proportions packed initially in each size 
class. Such estimates could be very inaccurate. 
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is justified if processors establish quantities to be sold each month 
without regard to current price. We would not argue that processor plans 
and adjustments are so completely inflexible, but they may well be more 
concerned with orderly movement of total stocks and honoring buyer commit- 
ments than with adjustments to monthly price variations. Under these cir- 


cumstances the degree of bias may be "reasonably" small. 


The results of our initial application of ordinary least squares, 
although superior to the two-stage least squares model, still had some 
coefficients with positive signs or of low statistical significance. The 
main difficulty appeared to be that the sample was too small, the range of 
observations too limited, and the intercorrelation among quantity variables 
too high to isolate the separate effects on price of each of the six alter- 
native size-container classes in each equation. To reduce the intercorre- 
lation problem and the number of coefficients to be estimated we combined 


several of the variables in each equation. Three variations were considered. 


First, we related the price in each size-container class to the three 
sizes in the corresponding container type and the total quantity in the other 


container type. For example, PRM was related to Qa» Qam? Qes and Qi» where 
Q * Gy, + Um Ft Us: 


A second formulation related the price in each size-container class 
to the quantity in that class, to all other quantities in the same con- 


tainer type, and to total quantities in the alternate container type. 


The third formulation related price in each size-container class to 


the quantity in that class and the total quantity in all other classes. 


In nearly all cases the third formulation provided the most satis- 
factory results measured by both theoretical and statistical criteria. 
These regressions are summarized in Table 11. All of the coefficients 
are consistent with theoretical expectations--i.e., they are all negative 
and each price is affected more by changes in its own quantity than by 
quantities in other classes. Sales of fresh Brussels sprouts (Q,) had a 
highly significant effect on prices of medium sprouts and a somewhat 


significant effect on prices of small sprouts in retail size containers. 


TABLE 11 


Demand Relationships for Frozen Brussels Sprouts by 
Size-Container Class: Final Selected Regressions 


Explanato variables* 








b/ 
Qa Qs Qn 2m Qs | or — QH Qe T re! | ad/ 
regression coefficients and bration” 

PRL 25.197 -.00136 -.00045 -.03450 .773 1.68 
(1.721) (2.421) (3.689) 

PRM 27.887 -.00051 -.00027 -.00252 -.01249 .801 1.20 
(1.710) (1.403) (2.294) (1.795) 

Prs 29.914 -.00235 -.00024 -.00182 -.01628 .773 1.75 
(2.756) (1.116) (1.487) (1.959) 

PiL 22.827 -.00334 -663 2.76 

(4.152) 
Pim 26.234 -.00132 -.00027 -.00406 -945 2.39 
(3.049) (1.942) (4.865) 
Pis 27.064 -.00636 -.00013 -732 1.85 


(3.906) (1.458) 


a/ See text for explanation of symbols. 


b/ Qr = Qar + Qa + Qas + Qa + Qiu + Qi: Q, refers to the variable treated as dependent. 

c/ Coefficient of multiple correlation. 

d/ Durbin-Watson statistic. The hypothesis of no positive serial correlation of error terms is not rejected at 
the 5 percent significance level for the first, fourth, fifth, and sixth equations. The value of d falls in 


the indeterminant range for the second and third equations. There is a suggestion of negative serial corre- 
lation for the fourth equation. 


e/ Figures in parentheses are t-ratios. 


“SEL 
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The coefficient of Qe was of quite low statistical significance in the 
equations for large size sprouts and for small institutional sprouts. 
Therefore, Q, was omitted in the final regressions for these classes, 
The trend factor was not significant for institutional size containers 
and so was omitted from the latter set of equations. In the case of 
large sprouts in institutional containers, the coefficient of Qn - Qn 
was positive and of very low statistical significance. Similar results 
were obtained for other variations, so all competing product variables 
were dropped from this equation--i.e., their coefficients are regarded 


as zero. 


Why sales of fresh sprouts should influence prices of medium frozen 
sprouts and not the large sprouts or institutional small is not clear. Pos- 
sibly the extreme size classes are less sensitive to the fresh market. It 
is also possible that a significant relation may exist, but did not show 


up in our relatively small sample of observations. 


Since our focus is on demand interrelationships among the frozen com- 
ponents only, we shall hold sales of fresh sprouts constant at the mean 
value for the period of the study and arbitrarily set T at zero. The re- 
sulting set of equations, summarized in Table 12, form the basis for our 
further analysis. If fresh sales had been set at (say) a lower level, the 
demand for medium sizes would have been shifted upward relative to large 
sizes. Similarly, if T had been set at (say) 12 or 24, rather than zero, 
the demands for retail containers would have been reduced relative to the 
institutional containers and the demand for the retail large class would 
have been reduced relative to the medium and small. These small shifts 
would slightly alter the solutions to the problem of optimum distribution 
in favor of the medium class, but the major conclusions would remain es- 


sentially the same. 


The constant term in each equation measures the level of demand for the 


1/ 


size-container class of the dependent variable.—' As expected, the level is 


1/ These equations reflect 1961-1962 levels of demand. Our previous 
analysis of annual demand data indicates that the 1968-1969 level of demand 
was about one-third higher as a result of the net effects of changes in 
population, income, and competing products. Thus, the constant terms in 
Table 12 would be increased by about one-third to adjust to these more 
recent levels. This would not alter the major conclusions of the analysis, 
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TABLE 12 


Final Demand Model for Frozen Brussels Sprouts by 
Size-Container Class (Q¢ = 58.6 and T = 0) 


Dependent | Constant Explanatory variables 
variable | term | xr | Sm | Rs | % | %m | &s 
equation coefficients 


-.00136 -.00045 -.00045 








25.197 








-.00045 -.00045 -.00045 
























27.379 





-.00027 -.00027 -.00027 -.00027 -.00027 











29.807 -.00024 -.00024 





~,00235 





-.00024 -.00024 -.00024 


















25.996 -.00027 





-.00027 





-.00027 





-.00027 -.00132 








27.064 -.00013 -.00013 -.00013 -.00013 -.00013 
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higher for retail sizes and decreases with increased sprout size. The equa- 
tion coefficients show the effect of a 1,000-pound change in monthly sales 
of a particular product with all other quantities bonetante! For example, 
the first equation indicates that increasing monthly sales of large size 
sprouts in retail containers by 1,000 pounds decreases the average price of 
this commodity by 0.00136 cents per pound, with other quantities constant. 
Increasing one of the other quantities by 1,000 pounds, with Qar constant, 
would decrease PRL by 0.00045 cents. These equations are generally more 
flexible--a given percentage change in quantity has a smaller percentage 
effect on price--than our estimates of annual demand relationships. This 


is to be expected with the interrelated demands. 


Two other factors may also have influenced the levels of the coeffi- 
cients. In view of the simultaneous equation considerations discussed ear- 
lier, it is possible that the method of estimation may have produced biased 
estimates of the true demand structure. It is also possible that the rela- 
tively narrow range of price variation and limited sample may have prevented 
our capturing the full effects of changes in general levels of sales on prices 
that would be observed over longer periods and with more shift variables. 
However, the relative magnitudes of the equation coefficients may be less 
affected by these considerations and the equation may provide an acceptable 
basis for evaluating the potential revenue effects of changes in distri- 
bution, with total quantity held constant, 


Revenue Effects 


The set of equations in Table 12 may be readily converted to a single 
equation which shows how monthly gross revenue changes with quantities 
allocated to each size-container class. We simply multiply each equation 
by the quantity corresponding to the dependent price variable and then 
sum. 


(23) GR=#= Par Qe, + Pew Qeu + Pres Qeg + Pry Ay, + Pim 2m * Prs Q%s- 


Replacing each price with its demand equation expresses gross revenue as 
a function only of quantities in each class. The first term of (23), for 
1/ The 1,000-pound change for our 65 percent sample would be translated 


into a ae = 1,538-pound change for the entire industry. 
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example, would be, 


25.197 Q, - -00136 Qe ~ 00045 Qa (Gey + Qs + I, + Uy + Uy)> 
1/ 


and similarly for other terms.— 


Equation (23) may be used in two ways. First, it may be used to show 
how small changes in the present (sample) allocation of sizes may affect 
revenue. The expected revenue changes may then be compared with expected 
cost effects. Second, Equation (23) may be combined directly with estimates 
of cost relationships to determine allocations among size-container classes 
that will maximize expected industry net revenue for any total quantity of 
Brussels sprouts produced. The first procedure enables us to extract useful 
information from the revenue function without immediate reference to or know- 
ledge of costs. This has considerable merit in view of the somewhat uncer- 
tain nature of our current estimates of cost-size-of-sprout relationships. 
With changes in varieties and harvesting methods our estimates of costs, to 


be discussed shortly, must be regarded as highly tentative at best. 


Marginal Revenue Effects 


Table 13 shows how small shifts in allocation from one size-container 
class to another may affect ane revenue, starting with the initial aver- 
age allocation in our sample For example, shifting 1,000 pounds from 
the retail large class to the retail medium class would increase average 
monthly gross revenue by approximately $25.58. Shifting the same 1,000 
pounds to the retail small class would increase gross revenue by $45.25. 
Shifting quantities from retail to institutional containers would, in gen- 
eral, decrease gross revenue. However, costs of packaging in the larger 


1/ Since prices are expressed in cents per pound and quantities in 
1,000-pound units, Equation (23) must be multiplied by 1,000 to obtain 
the true gross revenue in cents or by 10 to obtain GR in dollars. 


2/ Values in Table 13 were computed by first calculating marginal 
revenues for each commodity with quantities at average levels observed 


over the sample; MR, = OGR - Taking the total differential of the gross 
i 8 6 
revenue equation, we have dGR= £ MR, dQ, - For any pair of classes (i and 


i=l 
j) we set dQ, =l, qQ, = -1, all other dQ = 0, and compute dGR. 
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TABLE 13 


Changes in Gross Revenue Associated with Shifting 1,000 Pounds 
of Frozen Brussels Sprouts from One Size-Container 
Class to Another® 









1,000 pound 1,000 pound increase in 

> 

decrease in | Sm | Ses | % | %m | %s 
ee eee 


dollars 
















19.67 







-50.00 


69.67 





a/ Starting with average sample quantities in each class. 
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containers are somewhat lower and this needs to be considered in any final 
evaluation. Shifting between sizes within container categories may also 
involve some cost difference, although generally less than between con- 
tainer types. These actual or potential transfer costs must be subtracted 


from gross revenue changes to determine the potential marginal net gains. 


To obtain information on costs of altering the size distribution we 
made detailed studies of both production and processing operations that 
might be affected by size variations. In the case of processing, the 
main cost influence was in the trimming operation and, in production, the 
time intervals between harvests. The study indicated that with conven- 
tional multiple harvest cultural practices, shifting one pound of sprouts 
from the large to the medium size would increase the combined production 


1/ 


and processing cost by about 0.9 cents per pound.— Shifting a pound from 
the medium to small class would increase costs by another 0.9 cents per 
pound. Since our focus is primarily on size distribution we have assumed 
that the average observed price difference between container types for the 
same sprout size reflects the difference in cost of packaging in retail 
and institutional size containers. This was 1.73 cents per pound (for 


all sprout sizes) during the period for which data were obtained. 


By subtracting these estimates of transfer costs from the gross mar- 
ginal changes in Table 13 we obtain the marginal net revenue estimates 
shown in Table 14. Thus, shifting 1,000 pounds from retail large to retail 
medium increases total net revenue by $16.58; shifting the same 1,000 
pounds to retail small increases net revenue by $27.25, and similarly for 
other shifts. The potential gains from size shifts appear to be somewhat 
larger for institutional than retail size packages. In general, the table 
suggests that net revenue could be increased by a program aimed at shifting 
quantities from large into medium and small categories. However, it does 
not indicate how much should be shifted or what the final distribution 


should be. For this purpose, we need to make additional calculations. 


1/ For details of the cost estimates see Matsumoto, Masao, "An Economic 
Analysis of Product Size Variation in the Frozen Brussels Sprouts Industry," 
unpublished doctoral dissertation, Berkeley: University of California, 1968. 
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TABLE 14 
Changes in Net Revenue Associated with Shifting 1,000 pounds 


of Frozen Brussels Sprouts from One Size-Container 
Class to Another’ 


1,000 pound 1,000 pound increase in 

> 

decrease in | rm | rs | %r | %m | %s 
Ri era so °C nae 


dollars 


27.25 - 7.12 18.49 


10.67 -23.70 2.21 


-34.37 8.76 


25.61 





a/ Starting with average sample quantities in each class. 
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Estimates of Optimal Size Distribution 


We shall define as "optimal" the distribution of sprout sizes that 
maximizes the expected value of net revenue to the industry. The manner 
in which any revenue gains might be divided between growers and processors 
would depend on the size class structure of processor-grower payments. This 
analysis is limited to the potential for industry gain and not to its distri- 
bution. Presumably, if the possible gain is significant, appropriate plans 
can be devised for its distribution. 


The mathematical problem to be solved is to find, for any given total 
quantity of sprouts, the allocation to each size-container class that will 
maximize gross revenue less the costs of production and processing. With 
total quantity constant, only the cost differences associated with each size- 
container class need be considered. These costs were described in the previous 


section. The solution procedure is described in Appendix C. 


Table 15 shows the optimal distribution for the total quantity of aver- 
age monthly sales observed during the period covered by the data, compared 
to the actual size distribution observed during the same period. Three 
alternative solutions are presented, each involving different restrictions 
on the quantity of large sprouts. Solution 1 imposes only the restriction 
that the quantity in each class must be greater than or equal to zero. 
Because it may be unreasonable to assume that the quantity in large sizes 
can be reduced to zero (without abandoning parts of the production), we have 
computed two additional solutions which require that at least (a) five per- 
cent and (b) ten percent of the production will fall in the large class. 

To focus entirely on the size allocation problem, solutions 2 and 3 also 
restrict the distribution between retail and institutional containers to 


the proportions observed during the sample period. 


The three solutions give similar results. They leave the proportions 
allocated to medium sizes with little change, reduce the quantity in large 
sizes and increase the allocation to smaller sprouts. Solution 1 increases 
industry revenue, compared with the value observed during the sample period, 
by $133,540 per year, solution 2 by $123,130, and solution 3 by $88,430. 
These values were obtained by expanding sample values to reflect total in- 


dustry experience. 
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The optimal allocation proportions in Table 15 pertain only to the 
quantities sold during the sample period, 1961-1962. As the sales change, 
so do the optimal allocations among size classes. Figure 23 shows the 
nature of this change for each of the three solutions with quantities in 
large sizes restricted to minimum levels of zero, five percent, and ten 
pércent 2/ As industry sales increase, the allocation to medium sizes in- 
creases and the optimal allocation to small sizes decreases. With sales 
of 40 million pounds per year (roughly the recent industry experience), 
solution 3, for example, would allocate 63 percent to medium, 27 percent 
to small, and 10 percent to large sizes. The expected or potential gain 
from this allocation is difficult to compute because of incomplete data 
pertaining to recent size distribution. Using the sample values given in 
Table 2 for 1964-1968 and the allocations between retail and institutional 
size containers observed in the 1961-1962 sample suggests a potential cur- 
rent gain of roughly $187,000 per year. In view of the very rough nature 
of our estimates of current size distributions, this may substantially 
overestimate the magnitude of the potential gain. It suggests, however, 


that the possibility for some real increase in net revenue may still remain. 


Evaluation of Size of Sprout Analysis 


In view of the statistical problems and data limitations noted above, 
the computations and estimates pertaining to optimum size allocations should 
not be interpreted as precise values. Our sample period of observations is 
shorter and less current than we would wish and the cost estimates used to 
obtain net values are rough and somewhat uncertain with the shift toward 
mechanical harvesting. The figures are suggestive, however, of general 
directions of change which could lead to modest increases in industry 


revenue, 


The major inference from the analysis is that efforts aimed at reducing 
the proportion of large sizes and increasing the proportion in small sizes 
could produce some industry gain, provided the costs of change do not greatly 


1/ In this case, restricting the quantity in large sizes to a minimum 
level forces the large quantity to equal that level (see Appendix C). 
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TABLE 15 


Actual and Optimal Distribution of Sprout Sizes for the 
1961-1962 Sample Quantity of Sales 


aS = timal Gstributlons 
class distribution Solution 1— Solution 2— Solution 3c/ 


Large 
Retail 


Institutional 
TOTAL 


Medium 
Retail 
Institutional 
TOTAL 


Small 
Retail 
Institutional 
TOTAL 





Q 
L ss = = 
b/ a, 2 .05*and Q,, = -4570,, Quy = -75904s Qu = -8520,. 


c/ Restrictions same as for solution (2) except oe 105 
L 
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Solution 1 


Solution 2 


Percent 


-—-—— Solution 3 





Total industry sales - million pounds 


FIGURE 23 


Relation of Expected Optimal Brussels Sprouts Size 
Distribution to Total Quantity of Industry Sales 
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exceed the values used in our study. This is "imperfect" information. 
Moreover, the potential gain is not large in a relative sense--in the 
neighborhood of perhaps one percent of f.o.b. sales value. Whether po- 
tential gains of this size are worth striving for depends on the industry 
attitude and willingness to apply imperfect information in making mar- 
keting policy decisions. In this case, the probability of gain appears 
to be larger than the probability of loss and the magnitude of the gain 
could be considered significant in periods of tight margins and higher 


costs. 








APPENDIX A 


Reference Data 
(Tables A-1 to A-22) 
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TABLE A-1 


Acreage of California Brussels Sprouts, 
by Counties, 1949-1967 


Other 
counties 





Source: California Federal-State Market News Service, Marketing Calt- 
fornia Brussels Sprouts, annual issues (compiled from reports of the 
California Crop and Livestock Reporting Service.) 
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TABLE A-2 


Brussels Sprouts: Acreage, Yield, and Production 
in Major Producing States, 1949-1968 a/ 















Harvested acreage Yield per acre Production 


Cali- Cali- Other Cali- 
Year | fornia | Other | U.S. | fornia (NY) fornia | Other 


600 5,000 
1950 5,500 900. 6,400 68 80 374 72 446 
1951 4,700 900 5,600 100 60 470 54 524 
1952 4,100 700 4,800 94 55 385 38 423 
2953 5,200 700°. - 3,900 122 60 634 42 676 
1954 5,400 1,050 6,450 108 60 583 50 633 
1955 4,000 1,000 5,000 104 55 416 51 467 
1956 5,600 800 6,400 125 75 700 55 755 
1957. = 5,300 1,200 6,500 105 80 556 64 622 
1958 4,300 750... 5,050 120 85 516 56 573 
1959 4,800 760 5,560 130 85 624 62 686 
1960 4,700 BIO. ...5,,520 140 15 658 58 716 
1961 4,900 800 5,700 i35 55 662 ad 706 
1962 5,300 700 6,000 ai5 75 610 49 659 
1963 5,400 800 6,200 115 75 621 60 681 
1964 5,300 900 6,200 125 ifs, 662 68 730 
1965 5,200 1,200 6,400 130 70 581 84 665 
1966 5,700 1,200 6,900 L115 65 656 78 734 
1967. 5,700 1,200 6,900 110 64 627 58 685 
1,300 6,900 






































a/ Data refer to "commercial" production only. Acreage and yields are 
not reported for minor states. However, U.S. production data given 


in Table A-3 include minor state quantities. 


Source: U.S. Department of Agriculture, Statistical Reporting Service, 
Vegetables for Fresh Market, statistical summaries, Crop Reporting 
Board, Washington, D.C. j 
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TABLE A-3 


Utilization of United States and California Brussels Sprouts Production, 
Crop Years 1947-1968 a/ 









Frozen | Fresh | Total b/| Frozen g/| Fresh | Total | Frozen a’ Fresh | Total | 
1947 6.14 36.46 42.60 5.70 30.90 36.60°/ 44 5.56 6.00 
1948 13.43 29.77 43.20 12.94 24,26 37. 20¢/ 49 5.5. 6.00 
1949 27.36 20.05 47.40 26.75 14.65 41.40 61 5439 6.00 
1950 24.32 21.78 46.10 22.42 14.98 37.40 1.90 6.80 8.70 
1951 26.26 27.64 53.90 24.94 22.06 47.00 1.32 5.59 6.90 
1952 27.98 15.82 43.80 27.16 11334 38.50 82 4.48 5.30 
1953 47.85 21.25 69.10 46.00 17.40 63.40 1.85 3.85 5.70 
1954 35.96 28.84 64.80 33.73 24.57 58.30 2623 4.27 6.50 
1955 28.84 19.36 48.20 28.18 13.42 41.60 - 66 5.94 6.60 
1956 53.98 22072. 76.70 51.51 18.49 70.00 2.47 4.23 6.70 
1957 35.36 27.64 63.00 32047 22.83 55.60 2.59 4.81 7.40 
1958 38.08 20.02 58.10 37.03 14.57 51.60 1.05 5.45 6.50 
1959 40.87 28.23 69.10 39.07 23.33 62.40 1.80 4.90 6.70 
1960 46.70 25.50 72.20 44.38 21.42 65.80 2032 4.08 6.40 
| 1961 49.60 22.140 71,70 47.06 19.14 66.20 2.54 2.96 5.50 
| 1962 46.41 20.39 66.80 43.57 17.43 61.00 2.84 2.96 5.80 
1963 48.30 21.00 69.30 44.40 17.70 62.10 3.90 3.30 7.20 





a/ Total production 
to utilization. 


of Brussels sprouts is reported on a crop year basis with no breakdown as 
Utilization estimates were obtained by converting NAFFP frozen pack data 


to a fresh weight basis and subtracting from total production. 


Since U.S. frozen pack 


statistics are reported only for the calendar year, it was necessary to develop estimates 


on a crop year basis. The procedure followed is described in Appendix B. 


Includes production in minor states. 
For the period 1947-1960 raw product weight of frozen pack was estimated by applying a 


factor of 1.173 to the crop year pack estimate (Table A-5). The conversion factor was 
developed from California Brussels Sprouts Marketing Program data on packer receipts and 


pack, 1961-1967. 


From 1961 on, crop year raw product weight of California frozen Brussels 


sprouts was obtained directly 


from records of the California Brussels Sprouts Marketing 


Program. 
d/ Frozen pack (Table A-5) multiplied by 1.173. 


e/ Not officially reported for 1947 and 1948. Estimated as United States less 6.00 million pounds. 


f/ Does not include 9.5 million pounds produced buy not marketed. 
g/ Preliminary value. 


Source: Computed from data in Table A-5. Estimates of total U.S. Brussels sprouts produc- 


tion are from U.S. Department of Agriculture, Statistical Reporting Service, 


Vegetables 


for Fresh Market, Statistical 
Data pertaining to frozen to 


Bulletins 126, 212, 300, 412, Washington, D.C., 1953-1967. 
fresh conversion factors obtained from California Federal- 


State Market News Service, Marketing California Brussels Sprouts, annual issues. 
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TABLE A-4 


Relative Utilization of Brussels Sprouts Production, 
by Regions, Crop Years 1947-1968 





California's share Percent of production 


of U.S. production utilized for freezing 
Year | Frozen | Fresh Total California | Other | U.S. | 









1947 92.8 84.8 85.9 15.6 Ue, 14.4 
1948 96.3 81.5 86.1 34.8 8.2 31.1 
1949 97.8 73.1 87.3 64.6 10.2 Dak 
1950 92.2 68.8 81.1 60.0 21.8 52.8 
2951 95.0 79.8 87.2 531 19.1 48.7 
1952 97.1 71.7 87.9 70.5 1535 63.9 
1953 96.1 81.9 91.8 72.6 32.4 69.2 
1954 93.8 85.2 90.0 57.8 34.3 55.5 
3955 97.7 69.3 86.3 67.7 10.0 59.8 
1956 95.4 81.4 91.3 73.6 36.9 70.4 
1957 92,7 82.6 88.3 58.9 35.0 56.1 
1958 97.2 72.8 88.8 71.8 16.2 65.5 
1959 95.6 82.3 90.3 62.6 26.9 59.1 
1960 95.0 84.0 91.1 67.4 36.2 64.7 
1961 94.9 86.7 92.3 41.1 46.2 69.2 
1962 93.9 85.6 91.3 71.4 48.9 69.5 
1963 91.9 84.3 89.6 71.5 54.2 69.7 
1964 87.9 93.3 89.3 72.0 83.2 73.2 
1965 87.5 80.5 85.8 77.1 66.3 73.5 
1966 86.5 93.4 88.1 76.3 87.6 77.6 







85.7 85.9 85.8 73.3 736 733 


a/ Preliminary value. 


Source: Computed from Table A-3. 
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TABLE A-5 


United States and Regional Packs of Frozen Brussels 
Sprouts, 1947-1968 


August 1 - July 31 Calendar year pack 
California | Other | U.S. | California [ Other | U.S. | 


million pounds--frozen weight 








Source: Calendar year disappearance (D,) was computed from National Associa- 


tion of Frozen Food Packers calendar year pack data and USDA, Economic 
Research Service, Cold Storage Reports, January 1 stock data. See Appendix 
B for method of estimating seasonal (crop year) pack. 
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TABLE A-6 


United States Production of Frozen Brussels Sprouts by 
Major Package Type, Calendar Years 1947-1968 


= Retail siz Institutional Percent of pack 
Year packages 3 size packages b/ Total in retail sizes 


million pounds 



















a/ Includes all containers of one pound and under (including boil-in- 
bag and poly bag). 


b/ Includes all containers over one pound. 


Source: Annual reports of the National Association of Frozen Food 
Packers, Washington, D.C. 


TABLE A-7 


Total United States Shipments of Fresh Brussels Sprouts, 
by Months, 1963-1969 a/ 


[Year| July | Aug. | Sept. | Oct. | Nov. | Dec. | Jan.| Feb. | Mar. | Apr. | May | June | Total | 


cars and carlot equivalents 





1963-1964 


1964-1965 


1965-1966 


1966-1967 


1967-1968 
1968-1969 


a/ Includes only shipments originating in the United States. Difference between U.S. shipments and 
unloads (Table A-8) apparently is due to exports to Canada and imports from Mexico. Data for 
earlier years not available on a comparable basis. 


Source: California Federal-State Market News Service, Marketing California Brussels Sprouts. 


"EEL 


TABLE A-8 


“SET 


Total Rail and Truck Unloads of Fresh Brussels Sprouts in 41 United States Cities 
and Canada, by Months, 1960-1969 


| Sept. | Oct.[ Nov. [ Dec. | Jan. | Feb. | Mar. | Apr. | May | June | Total | 
cars and carlot equivalents 
United States cities only 
1960-1961 32 98 40 20 


1961-1962 38 72 91 74 
1962-1963 17 94 59 40 


1963-1964 10 62 145 119 
1964-1965 17 89 181 93 34 
1965-1966 5 74 65 67 
1966-1967 20 58 97 82 
1967-1968 6 31 134 = 118 
1968-1969 ii 49 92 79 


Five Canadian cities 





1965-1966 4 6 34 35 17 6 17 13 7 10 Lt 2 162 
1966-1967 -- 6 19 42 46 42 19 16 10 3 4 4 2il 
1967-1968 -- 10 19 26 24 28 19 29 12 12 6 6 191 
1968-1969 = 13 23 30 13 30 32 13 ato 7 9 181 


Source: California Federal-State Market News Service, Marketing California Brussels Sprouts, 1960-1969 
issues. 
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TABLE A-9 


California Frozen Brussels Sprouts Pack, 
by Months, 1959-1969 


Crop year 
total a/ 


1959-1960 10.038 13.115 33.313 
1960-1961 9.672 14.451 37.840 
1961-1962 12.681 10.920 40.001 
1962-1963 10.329 12.984 37.903 
1963-1964 -- 6.629 11.234 38.279 
1964-1965 2.894 14.879 15.312 41.502 
1965-1966 = 4.794 14.365 1.272 37.021 
1966-1967 3.297 9.579 10.944 -- 42.173 
1967-1968 - 7.966 7.769 1.365 39.021 
1968-1969 2.722 6.458 8.007 0.407 36.415 





a/ Totals do not coincide exactly with NAFFP data which are calendar year. They 
may also deviate slightly from our crop year estimates (Table A-5) because of 
formula adjustments applied to the NAFFP data. 


Source: Computed from weekly pack data reported in California Federal-State 
Market News Service, Marketing California Brussels Sprouts, annual issues. 


TABLE A-10 


“OVT 


United States End-of-Month Cold Storage Holdings of Frozen 
Brussels Sprouts, 1959-1968 


11.796 9.737 

9.414 7.185 
11.729 10.549 
14.342 13.606 


28.925 - . 14.106 11.779 
30.317 . . 14.680 13.674 
30.632 : : 14.609 13.185 
27.794 14.502 (12,350 
35.433 . 235393 205716 
35.887 . . 21.873 18.653 





Source: U.S. Department of Agriculture, Statistical Reporting Service, Regtonal Cold Storage Holdings, summaries, 
Crop Reporting Board, Washington, D.C. 
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TABLE A-11 


Quarterly Movement of California Frozen 
Brussels Sprouts, 1959-1967 a/ 


| Year ___—'|_~Sept.-Nov. | Dec.-Feb. | Mar.-May | June-Aug. | Total | 
million pounds 
1959-1960 
1960-1961 
1961-1962 
1962-1963 


1963-1964 


1964-1965 


1965-1966 


1966-1967 





a/ Computed by adding quarterly pack to stocks at the beginning of each 
quarter and subtracting ending stocks. California cold storage stocks 
were estimated by multiplying U.S. cold storage stocks (Table A-8) by 
California's proportion of U.S. calendar year pack for the corresponding 
period. zs 


Source: Computed from data in Tables A-7, A-8, and A-4, 


TABLE A-12 


“THT 


United States Imports of Fresh Brussels Sprouts, by Origin, Apparent Fresh Exports, 
and Frozen Imports, Fiscal Years 1963-1964 to 1967-1968 






Fresh imports 


Recorded rail and truck |Mexican im- 
Fiscal Imports under quarantine a/| movement from Mexico b/ ports unac- 
year Mexico Other Total To U.S. To Canada Total |counted for c/ 
ae a a a: oe : 


1,000 


Recorded truck 
movement, Cali- 
fornia to 









Frozen im- 
ports under 
quarantine a/ d/ 












pounds 










1963-1964 
1964-1965 
1965-1966 
1966-1967 
1967-1968 









a/ Brussels sprouts may be imported into the United States in bulk containers, repacked and sold in the U.S., or 
reexported without a label identifying their foreign origin. No data are available to show the extent of such 
handling. 


b/ Converted from carlots to pounds at 22,500 pounds per carlot equivalent. 
c/ Column 1 less column 6. 


d/ Frozen imports originate primarily in Belgium and the Netherlands. 


Source: Compiled or computed from California Federal-State Market News Service, Marketing California Brussels 
Sproute, 1967-1968 summary. 


1947 
1948 
1949 
1950 
1951 
1952 
1953 
1954 
1955 
1956 
1957 
1958 
1959 
1960 
1961 
1962 
1963 
1964 
1965 
1966 
1967 
1968 


Frozen Brussels Sprouts: California F.0.B. Price Quotations for Grade A, 8- to 10-Ounce Packages, 1947-19682/ 


dollars per dozen packages 





am 
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1.68-2.08 © ————_—__$_?——»_s“20.75=20.2085.——©—§ —A A 1.65-2.05 ———> 1.70-2.15 9 —— 
L.7O—2005 0 )Sso1.85-2.25 195-235 
1.95-2.35 ————»__2.05-2.45.©©§ ——A > _.22.10-2.55——§ —A A he 
2.10-2.55 © 0s 2.45 2.45 2.45 2.35 2.35 

2.35 2.35 2.35 2.35-2.37 2.35 2.35 2.47 2.47 


a/ Quotations through August 1956 are for 10-ounce packages. Thereafter they refer to 8- to 10-ounce packages. 


b/ Arrow indicates continuation of previous quotation. 


Source: Quick Frozen Foods, monthly issues, E. W. Williams Publications, New York. 
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TABLE A-14 


Frozen Brussels Sprouts: Midpoint Value of Monthly California F.0.B. Price 
Quotations, Grade A, 10-ounce Packages, Converted 
to Cents per Pound, 1947-1968 a/ 


| Year | Jan. | Feb. | Mar. | Apr. J May | June | July | Aug. | Sept. | Oct. | Nov. | 


cents per pound 


2 a eT ae 30.672/ 30.33, 30.672/ 31.00°/ 31.67 
29.67 30.83% 


32.178! 33. 412/ 34.67 33.33°/ 32.00 31.00 32.33 


31.842/ 30.67 30.33 
30.33 30.33 31.00 31.00 35.67 34.33 32.67 32.00 31.00 
SS). ;? 33 26.47 
25.67 25.00 25.00 24.67 = ——_>—________> 27,13 28.00 
27.67.47 ——p CL 30.84£/ 30.33 29.84 29.33 28.47 
28.73 28.87=/ 29.00 29.33 $=» 29.00 25.33 24.33 
SS $$ q£@ — > 22.67 —————> ——— 
26.00 27.33 24.33 SS «60-95, 5) 
SS 5.3325. 
Se (9G 55 
30.330 —§ —$AA A, Ss 26.00 
———__—————» 28.84 26.84 29.92 31.00 31.00 30,60 
3 ——____—> 
24.33 24.33 
26.00 26:00 27.33 ——————» 25,44°- 25.44 26.40 
> 26.00 26.00 27.17 27.17 
28.67 30.00 
50.00 9 3039 eee. 
i 34:33 31,55 
31.33 31.33 91.47 31.33 31.33 32.93 32.93 





a/ The quotation range for 10-ounce packages only during 1947-1956 varied from 5 to 20 cents. From September 
1956 on the quotations were given for 8- to 10-ounce packages and varied from about 20 to 40 cents. Since 
the average range about doubled for the 8- to 10-ounce quotations (extending downward only), one-fourth of 
the range was subtracted from the upper bound, starting in 1957, to obtain the selected value. This adjusts 
the series to more closely reflect the midpoint value that would have been obtained if prices had been quoted 
for 10-ounce packages only. 


b/ Arrows indicate continuation of previous quotation. 
c/ Interpolated value. 


Source: Table A-1l. 
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1947 
1948 
1949 
1950 
1951 
1952 
1953 
1954 
1955 


1956 


1957 


1958 


1959 


1960 


1961 


1962 


1963 


1964 


1965 


1966 


1967 


1968 






40- 60 
60- 80 
80-100 


40- 60 
60- 80 
80-100 


40- 60 
60- 80 
80-100 


40- 60 
60- 80 
80-100 


40- 60 
60- 80 
80-100 


40- 60 
60- 80 
80-1009/ 


40- 60 
60- 80 
8o-100¢/ 
40- 60 
60- 80 
80-100 


40- 60 
60- 80 
80-100 
40- 60 
60- 80 
80-100 
40- 60 
60- 80 
80-100 
4o- 60 


60- 80 
80-100 


e/ 
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TABLE A-15 


Frozen Brussels Sprouts: California F.0.B. Price Quotations for Grade A, 32- or 40-Ounce Packages, 1947-19682/ 






re ee ee ae ee [ sme, | oot. | wor, | nee. | 


25.0-27.0 
26.5-29.0 


18.5-19.0 
20.5-22.0 
22.0-24,. 


4.0 
3.0 
5.0 


21.0-22.0 
21.0-23.0 
23.0-24.0 


21.0-22.0 
22.0-23.0 
24.0-25.0 


23.0-23.5 
25.0 
26.0-27.0 


23,0-23.5 
25.0 
26.0-27.0 


23,0-23.5 
25.0 
26.0-27.0 


20.0-23.5 
26.0 
27.5-28.0 


21.0-22.0 
25.0-26.0 
27.0-28.0 


21.0-22.0 
26.0-27.0 
29.0-30.0 


21,0-22.0 
26.0-27.0 
29.0-30.0 


28.0-32.0 


a/ Mostly 32-ounce packages. 














25.0 25.0-29.0 24.0-28.0 24,0-28.0 27.5-30.0 25.5-27.5 
25.5-28.0 26.0-27.0 29.0 27.0-29.0 27,0-29.0 28.0-29.0 28.0-30.0 
29.0-30.0 S| ——— 28.0 27.0 26.5-27.5 26.5-27.0 
27.0 27.0 27.5 27.0-28.0 26.0-28.0 27.0-28.0 28.0 28.0 25.0-27.0 20.0-25.0 24,0-26.0 
+» 24.0-27.0 22.0-24.0 
20.0-22.0 20.0-21.0 19.0-22.0 20.0-21.0 20.0-22.0 20.0-21.0 20,0-21.0 23.0-24.0 23.5 23.5-24.0 23.5-24.0 
22.0-24.0 22.0-24.0 23.0-24.0 26.0 26.5 24,.0-25.0 25.0-25.5 25.5 
25.5 25.5 25.0 25.0 25.5-26.0 §=—————>_ 22.0-25.0 22.0-25.0 22.0-23.0 
20.0-23.0 22.0-23.0 18.0-22.0 18,0-20.0 20.0-22.0 18.0-20.0 18.0-20.0 18.0-20.0 20.5-22.0 20.5-22.0 20.5-22.0 
18.5-19.0 23.5 21.5-23.0 
20.5-22.0 25.0-26.0 4-250 ——— 
22,0-24.0 26.0-28.0 25.5-27.0 ————————— 28.0 a 
21.5 ent 20.0221.0 
23.0 ee 0 eee 
26.0-25.00—©§ —<=@A AA ss «s 3.0 
$= 21.0-22.0 ee 
 21.0-23.0 ———i 





ee’ 23.6010 0000 =e 


23.5-24.0  —————— ———— — «21.0-22.0 —_________—_—_ 
24.5-25.0 —_——— ——— —— «22.0-23.0 


25.0-26.0 aD 24 O25 69 


——_——_——_—_—> 23.0-23.5 = 
————————— 24.0 ——_—__——>_ 35.0 ae ana 
——_—_—_—_————> 25.0 ————————> 26.0-29.0 26.0-29.0 26.0-27.0 = 





























———»> 20.0-23.5 —————_—_—_—__—__> 
eek 6.0 —————_—“-x 
ne 27,5-28.0  ——_ 


| 





26.0-27.0 26.0-27.0 
SS > 28.0-29.0 28.0-29.0 29.0-30.0 
> 


> 
ed 











0 22.0-23.0 

0 27.0-29.0 22.0-24.0 }28.0-31.0 24.0-31.0 2h,0-31.0 
0 29.0-32,0 31.0 

0 


30.0 





b/ Size groupings are in terms of number of sprouts per 32-ounce package. Prior to 1956, the price quotations did not indicate sprout size. 


c/ Arrow indicates continuation of previous quotation. 


d/ Quoted as 90-120. 


e/ Size not specified. 


Source: Quick Frozen Foods, monthly issues, E. W. Williams Publications, New York. 
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TABLE A-16 
Frozen Brussels Sprouts: California F.0.B. Price Quotation for Grade A, 32- or 40-Ounce Packages, 1947-19688/ 


27.00,, 26.00 26.00,,  26.45©/ 26.908/  27.35°/ —27.80°/ 
26.625/ 26.50 27.128 27.758/  28.37£/ 29.00 28.00 
—d4 28.75©/ 28.00 
27.00 27.50 27.50 27.00 27.50 28.00 28.00 


21.00 20.50 20.50 21.00,, 20-50,,  20.50,, 23.50 
26.25°/ 26.37£/ —-26.50 


23.00 23.00 26.00 26.12! 


_ 25.00 25.75 
21.50 22.50 20.00 21.00 19.00 19.00 19.00 


18.75 23.50 ETT ey, 
21.25 25.50 S/ 25.348/  25.26/ 25.188/ 25.088/ 25:00 


. 


23.00 27.00 —_——— 28.00 


21.50 F 20.50 
0 eee 21.50 
24.50 23.00 


23.75 21.50 
25 ——§_ 22.50 
2550 24.50 
SS 29525 = Se 


_—_—_SO2/4..00 _—_ 25.00 
———$————» 25.00 


23.50  23,00°/ 22,50 
26.50 28.00 23,00 ) 29.50 27.50 27.50 
31.00 30.50 31.00 


29.50 30.00 





a/ Mostly 32-ounce packages. 

b/ Size groupings are in terms of number of sprouts per 32-ounce package. Prior to 1956, the price quotations did not indicate sprout size. 
c/ Interpolated value. 

d/ Arrow indicates continuation of previous quotation. 


e/ Average for 60-80. 


f/ Size not specified. 


Source: Table A-13. 

















TABLE A-17 


Monthly Prices and Quantities of Frozen Brussels Sprouts 
from 1961-1962 Freezer Survey a/ 


b/ Institutional size 
ize packages— packages 


Retail s 
[Large | ‘tedium | Small | Large | Medium | Small | 




















Month 
starting 
January 

1961 


Quantity 


Institutional size 
packages 






Retail size packages 
: 






Medium Small 






WOMONDUFWNE 








a/ Prices and quantities are for freezers accounting for approximately 65 percent of the California pack during 
1961 and 1962. Size groupings were established on a trimmed basis as follows: Large - less than 25 per 
pound and including B grade, Medium - 25 to 40 per pound, and Small - over 40 per pound. 


b/ Retail size packages include all sizes of one pound and under. 


c/ Institutional size packages include all sizes over one pound. 
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TABLE A-18 


Brussels Sprouts: Annual Average Prices Received by Growers and F.0O.B. Price 
Quotations by California Freezers, 1947-1968 


Average F.0.B. California processor price for frozen 
Brussels sprouts, Grade A qualit 
Adjusted Adjusted Crop year (September - 
Average price received by California| California August Calendar year 


fresh and processed grower grower 10-o0z. pack-| 32-oz. pack-| 10-oz. pack-| 32-o0z. pack- 
Year | California a/ price b/ ages ages d/ ages ages d/ 
cents per pound - raw product weight cents per pound - frozen product weight 





a/ Fresh market on F.0.B. packed and loaded basis. Frozen first delivery point until 1964; from 1964 on at processing 


plant door. Grower prices are for the crop year. 


b/ 1949-1963 values increased to reflect 30 cents per cwt. hauling cost for proportion of crop sold to processors. 
This roughly adjusts total series to processing plant door for sales to freezers. 


c/ Farm price multiplied by conversion factor of 1,172. This adjusts to approximately a frozen weight basis. This 
gives an indication of processor raw product cost. However, since the grower price includes fresh sales, it is 
only an approximation. Prices paid by processors are not published separately. 


d/ Sprout size not specified prior to 1955. Thereafter prices are for 60-80 per 32-ounce package. Sprout size for 
retail packages is not specified for any years. 


e/ Average of 1949 and 1950. 
Source: Grower prices from U.S. Department of Agriculture, Statistical Reporting Service, Vegetables for Fresh 


Market, statistical summaries, Crop Reporting Board, Washington, D.C. Processor prices computed from Tables 
A-12 and A-14, 
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TABLE A-19 


United States Per Capita Disappearance of Brussels 
Sprouts and Consumption of Competing Fresh 
and Frozen Vegetables, 1947-1968 








Disappearance from domestic Total per capita vegetable con- 





Brussels sprouts production sumption (excluding potatoes a/ 
[Frozen | Fresh | Total | Frozen | Fresh | Canned _| 
product product Raw product 
weight weight)/ weight& Retail weight Total 









pounds 








WOWOWONNNAADADAAAAUUNLSLSWNNYM NH 
«ee © © © © © © © © © © @ 

COMWODFRFWOUWUOAANODWOUrFWOONWUWOM 
FWONODHL SE WEWAKOUNNADLwWn™ 





a/ Civilian consumption. 


b/ Converted from final product to raw product by an average ratio of 1.173. 


c/ Estimated crop year production (Table A-3) divided by January 1, 50-state population 
(including armed forces) of indicated crop year. 


d/ Preliminary value. 


Source: Brussels sprouts estimates computed from data published in U.S, Department of 
Agriculture, Cold Storage Reports, National Association of Frozen Food Packers, 
annual statistical reports; U.S. Department of Agriculture, Crop Reporting Service 
estimates; and California Federal-State Market News Service, Marketing California 
Brussels Sprouts, annual issues. Other vegetable consumption data are from U.S. 
Department of Agriculture, Economic Research Service, Food, Consumption, Prices, 
Expenditures, Agricultural Economics Report, No. 138, July 1968; and U.S. Depart- 
ment of Agriculture, Economic Research Service, The Vegetable Situation, TVS-170, 
October 1968. 


TABLE A-20 


Selected Economic Variables Influencing Consumption and Prices of Frozen Vegetables 


Index of Index of prices 
Proportion of purchasing received by 
U.S. per capita U.S. per U.S. homes U.S. total power for processors for 
disposable capita food with population frozen frozen 


income®: expenditures3/ refrigeratorsb/ on Dec. 312/ vegetables@/ vegetables®/ 


1957-1959 = 100 millions 1957-1959 = 100 





Data from U.S. Department of Agriculture, Economic Research Service, Working Data for Demand Analysis, 
revision of October 1968. 


Data from National Industrial Conference Board, Economic Almanac. 

Fifty-state population including armed forces overseas. Bureau of the Census, Series P-25. 

United States per capita food expenditures multiplied by proportion of U.S. homes with refrigerators. 
Computed from annual average F.0.B. freezer price quotations for Grade A retail size containers for the 
following vegetables: lima beans, green beans, broccoli, Brussels sprouts, cauliflower, corn, peas, and 


spinach. Index is weighted by quantities sold in 1957-1959. Prices were computed from price data given 
in Quick Frozen Foods, E. W. Williams Publications, New York. 
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TABLE A-21 


Estimated Costs of Growing and Freezing 
Brussels Sprouts, 1947-1968 


Projected 

Index of costs of 

vegetable freezing 

Grower freezing Brussels 
cost costs2 sprouts© 


1947-1949 = 100 


° 
WODERNUP HEHEHE HLL HEH HWW WW WW 


° e@ ee ¢ e@ 8 @ 


7 
7 
7. 
7 
7 
7 
7 
7. 
7 
7. 
7 
7. 
7. 
7 
7 
7. 
8 
9 
0 
0 
1 
1 


Bee 





a/ Interpolated from periodic sample cost studies of the California 
Agricultural Extension Service. Data obtained from the office 
of R. H. Sciaroni, San Mateo County Farm Advisor. 


b/ Data for 1947-1959 computed from French, Ben C., Cost and Factor 
Price Changes in the Vegetable Producing and Processing Indus- 
tries, 1947-49, Berkeley: University of California, Agricul- 
tural Experiment Station, Giannini Foundation Research Report 
No. 241, March 1961. The index for the period since 1959 was 
extended by the authors. Weights used for components were re- 
vised on the basis of data in the 1965 NCFM survey (Labor .41, 
Capital .18, Material .41). 


c/ 1963-1964 NCFM average California freezing costs (excluding raw 
product) adjusted by index of vegetable freezing cost. 1963- 
1964 NCFM cost data are given in Table 7. 


152. 


TABLE A-22 


Estimates of United States and Regional Crop Year Disappearance 
of Frozen Brussels Sprouts, 1947-1968 








U.S. cold Disappearance 
U.S. crop storage stocks Aug. 1 - July 31 
Year ear pack | July 31 California. 


million pounds 











a/ Disappearance = pack in t + stocks at beginning of t - stocks at begin- 
ning of t+1. 


b/ United States disappearance multiplied by proportion packed in California. 


c/ United States disappearance multiplied by proportion packed in regions 
other than California. 


d/ Preliminary value. 


Source: Table A-5 and U.S. Department of Agriculture, Economic Research 
Service, Cold Storage Reports. 
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APPENDIX B 
Notes on Special Data Calculations 
1. Estimation of crop year frozen pack. 


United States frozen vegetable pack statistics, reported by the Na- 
tional Association of Frozen Food Packers, are given only on a calendar year 
basis. For many vegetables the packing season is contained within the cal- 
endar year and the crop year and calendar pack are identical. In the case 
of Brussels sprouts, however, the packing season frequently overlaps two 
calendar years and the crop year value may, in some years, differ consider- 
ably from the calendar year pack. Since crop year values are needed for 
the statistical analysis it was necessary to develop estimates of crop year 


pack from the available data. 


For the period since 1958, crop year pack values are available for 
California from the records of the Brussels Sprouts Marketing Program. We 
have assumed that the frozen vegetable pack in other regions is always 
completed by January 1. This seems a reasonable approximation in view of 
more adverse winter weather in other producing regions. Total crop year 


pack then is obtained by adding the California and other region values. 


For the period prior to 1959, crop year data are not readily available 
from any source that we are aware of. Therefore, we first estimated the 
United States crop year pack by the procedure described below. Then retain- 
ing the assumption that the crop year in regions other than California is con- 
tained within a single calendar year, estimates of California crop year pack 
were obtained by subtracting other region pack from the estimated United 


States crop year pack. 
The value of the United States crop year pack was estimated as follows: 
a1) dorpt ~ dealt " FP (t+1) ~ Wyre 


= crop year pack, q = calendar year pack (known), 


pt calt 
and Wy¢ is pack during January and February. The subscript t 


where q 
er 


refers either to the calendar year or the crop year beginning in 


that calendar year. 
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(2) dgpe * Pope ~ Sore + Swit 


where Dip = disappearance during January and February, Sy) = 
cold storage stocks as of January 1, and Su = cold storage 


stocks as of March l. 


(3) ‘ is not know. It was estimated as D ." 1/6D,. That is, 


JF 


January-February disappearance is 1/6 of annual calendar year 


DoF 


disappearance. On a crop year basis, January-February movement 
data for recent years is about 18 percent. However, during pe- 
riods of increasing consumption (as was the case here), 1/6 may 


be a reasonable approximation. 


(4) Substituting in (1) we obtain 


Torpt * Icait * 6? (n47) - Sya(et1) * Swacet1) 
- 1/6D, + 855, - Sure 
or 
Gorpt * Seat + “Syre ~ Sure? - Syresa ~ Svatta) 


+ 1/604) - D.)- 


2. Determination of crop year disappearance. 


Another data problem involved the months to be included in the crop year 
for purposes of calculating annual sales or disappearance of frozen sprouts. 
Production of Brussels sprouts usually starts in September and the crop year 
might reasonably be considered as running from September 1 to August 31. 
However, occasionally a small amount of production occurs in August and this 
influences the figures on cold storage holdings at the end of August. Since 
we do not know how much was produced in August in the earlier years, nor how 
much of such production was recorded as stored at the end of August in later 
years, disappearance calculations for the September 1l-August 31 period are 
subject to minor error. To avoid difficulty we shifted the crop year, for 
purposes of disappearance calculations, to August 1l-July 31. 
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It would seem logical under these circumstances that stock levels, 
for adjustment and decision purposes, would be measured as of July 31. 
However, it turned out that using August 31 stock levels, even though 
subject to small errors, gave much better predictions of supply adjust- 
ment. In fact, the accuracy of supply prediction decreased continually 
as the stock data was moved back toward the spring and summer months. 
Consequently, we retained August 31 as the date for measuring stock 
levels. While processors must make some decisions well before August 
31, they have reasonably close indications of expected August 31 stocks, 
even though such figures are not yet formally published when decisions 


are made. 
3. Estimation of regional disappearance of frozen Brussels sprouts. 


Published data on cold storage holdings are not detailed as to region 
in which the stocks were produced. Consequently, there is not way to 
determine precisely either regional quantities of carry over stocks or 
the regional quantity of sales for a particular year. Therefore, these 
values were estimated on the basis of regional shares of pack. That is, 


for California 


ct-l 
D ; S = — § > 
ust wh Cust=1 ut 








and similarly for other region disappearance and stocks--see the section 
on economics structure for further identification of symbols. Note that 


Ss. refers to stocks held at the beginning of the packing season. 


— @ oh Sane 
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APPENDIX C 


Determination of the Optimal Distribution Among Size-Container 


Net Revenue Equation 


6 6 6 6 6 
(C1) M= FOP = £6, Q,= 2 Oh, + £ t.0)- Fc, a 
ee eo 6 ge eet op oY a 


where i refers to a particular size-container class, boi and My, are coeffi- 


cients of the system of demand equations, and C; is the average cost of pro- 


ducing and processing sprouts in size-container class i. 


The unit cost, Cys may be decomposed into two parts, a constant part, 
C, common to all size classes and a variable part, dis which varies among 


size-container classes. Substituting in (Cl) gives: 


6 6 6 
(C2) NR= £ Q,(b, + £ b,, Q,) - £ d, Q, -CQ. 
inj 2 j=l 14 *j iy Pt 


Maximizing Net Revenue 


We wish to find the values of Q, which will maximize (C2) for any given 
value of Q, the total quantity to be sold. To solve, we form a Lagrangian 
function, set the first partial derivatives equal to zero, and solve the re- 


sulting linear equations for values of Q, as a function of Q. 


6 6 6 6 
(C3) L= 5 Q,(b, + £ b,,Q,) - £ d, Q,-CQ+tHACE Q, - Q). 
ai Oe jel ij *j ee ee init 

3L S 

(C4) 3, ~ Pot * Dy (by, + b54) Q, - dy FA 0, 
j=l 
6 

dL 

(C5) io‘ z QF -Q=0. 
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To guarantee a maximum, second order conditions require that the bor- 
dered Hessian determinant formed from the Lagrangian function be negative 
definite. Note that C (the costs common to all sizes) drops out of the 
solution equations. Thus we need know only the differences in costs as- 


sociated with various size categories. 


With no other restrictions, our initial solution produced negative 
values for the quantities in retail-large and institutional-large categor- 
ies. Since this is clearly not acceptable, it was necessary to add re- 
strictions that would force the quantities in all categories to be greater 
than or equal to zero. We also considered situations in which quantities 
in the "large" class were forced to be at least 5 percent and at least 
10 percent of the total .2/ With inequality restrictions, the problem be- 
comes a quadratic programming case and solutions may be obtained by qua- 
dratic programming procedures. It was clear in this case, however, that 
the quantity in the "large" class would be at the minimum permitted, so 
restrictions were imposed as equalities and solutions obtained as before, 
except with the added restrictions. All other quantities remained positive 
with these solutions and a check of the original unrestricted solution in- 
dicated that they would remain positive for all crop sizes. For large 
crops, optimum allocations to the "large" class eventually became positive, 


but this occurs well beyond the range of any crop yet produced. 


1/ To focus on the size distribution problem alone, restrictions were 
also imposed which maintained the distribution between retail and insti- 
tutional sizes at average observed (sample) levels (see Table 13). 


